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8 INTRODUCTION TO SCIENCE 

ancestoi^i, but it is safe to say that man’s 
delations with Nature were for a long time 
pi^ominantiiy practical. We may recidl the 
vivid picture which ^schylus gives of 
primitive men—living in caves, without fire, 
without wood-work, without system, without 
seasons, without foresight, a dream-life with¬ 
out science:— 

** And let me tell you, not as taunting men, 
Rut teaching you the intention of my gifts 
- How, first, beholding they beheld.in vain. 
And, h^anng, i^eard not, buff like shapes in 
dreams, 

Mixed all things wildly down the tedious 
time. 

Nor knew to build a house against the sun 
With Picketed sides, nor any wood-work 
knew 

But lived like silly ants, beneath the'ground. 
In hollow caves unsunned. There came to 
them 

No steadfast sign of winter, nor of spring 
Flower-perfumed, nor of summer full of fr^t, 
But blindly and lawlessly they did all things. 
Unto I taught them how the stars do rise 
' And set in mystery, and devised for them 
Number, the inducer of phOosophies, 

The synthesis of letters, and besides 
The artificer of all things, Memory- 
That sweet muse-mother^* 



THE SCIENTIFIC MOOD 0 

In thosn early days the various moods thai^ 
rre are familiar the scien|^& 

the artistic, aim^the 

become Refined offdRr6m"f.|:i (jp^re^dve prac^iP 
mood. V^try gradually,’ hcweyer^ n^[tn?>got a 
firmer foothold in the s^ru^gle^j^c 
and was able to rai$<t.'bi££head^^md1o^at the 
stars. He discovered thffjfdak BtiCh its marvel* 
lous object-lesson of recurrent sequences—a 
discovery which was one of the first great 
steps towards science, and he became vi^dly 
aware that his race had a history. He had 
time, too, for a conscio]^ enjoyment of 
Nature, whiclj came to mean more and more 
to him. Here and there, perhaps, some began 
to ponder over the significance of their experi¬ 
ence. Gradually, at all events, as the ages 
passed, various moods became, as we say, 
differentiated from one another, and men 
began to be contrasted according as this 
or that mood was more habitual with them. 
Men of action, men of feeling, and men of 
thought, these were the three primary types, 
which are now-a-days split up into nunor 
types. They correspond, obviously, to doing, 
filing, and knowing,* to hand, heart, and 
Head to practice, emotional activity, and 
intdleetual inquiry. That we may b^ter 
understand.the scientific in904j,le^j|H.con8ider 
for a little the others. 

The PBAcncAii Mood.—-F irst there is the 
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mood of the dominantly practical man» whose 
whole trend is towards doing, not towards 
knowing. He must, of course, know his 
facts if his doings are to be effective, and he 
must, likewise, have sound social feeling if 
his doings are to be deeds, not misdeeds; and 
no one will seek to dispute that the practical 
man has a firm grip of facts, and that he is 
often full of that kindliness which marks a 
stmng development of the kin-instinct. Yet 
he hi^elf would be the first to point out that 
he had no particular hunger or thirst after the 
descriptive fomqj^lse which Science seeks to 
supplyv So far as Science means that kind of 
knowledge which is Foresight/that kind of 
Foresight which is Power, he believed in it, 
but on the whole it did not interest him. 
Similarly, while he would confess to a pleasure 
in friendly relations between man and man, 
and between man and his beasts, and to a 
sometimes apparently hyperaesthetic sense 
of order, he would admit, on the whole, that 
aesthetic emotion was not much in his line. 
He was not built that way. 

Them is obviously much to be said for the 
dominant practical mood. It is as. natmal 
and. necessary and dignified as any other. 
Science grew out of practical lore, ai^ fresh 
vigour h^often come to science by % tighten¬ 
ing of its touch with the business, of everyday 
life. How much mathematics, for instance. 
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both simple and subtle, has arisen ih direct 
response ho practical needs, whether of measur* 
ing land 6r measuring electricity t 

On the other hand, the risks of a tyrannous 
practical piood are great. When tMngs get 
into the saddle and override ideas and ideals 
and all good feeling, when the multiplication 
of loaves and fishes becomes the only probleni 
in the world, we know the results to be vicio^. 
To be wholly practical is to grub for edible 
roots and see no flowers upon the earth, no 
stars overhead. The exaggeratedly practical 
man “ will have nothing to d^p^ith sentiment,” 
though he prices himself in keeping dose to 
“ the facts ”; he cannot abide “ theory,” 
though he is himself imbued with a quaint 
Martin Tupperism which gives a falsd sinti* 
plicity to the problems of life; he will live, he 
insists, in ” the real world,” and yet be often 
hugs close to himself the most unreal of 
ideals. 

The Emotional Mood. —Secondly, there is 
the emotional and artistic mood, which finds 
expression in Schiller’s w'ords; “ O wunder- 
schon ist Gottes Erde, und schon auf ihr ein 
Meftsch zu sein.” ” Oh wondrous beautiful 
is God’s earth, and good it is to be a man 
upon it/- 

Fronr man’s first emergence, perhaps, the 
herbs and the trees, the birds and thd beasts, 
sent tendrils into his heart, claiming and 
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finding kinship. Ever so early there must 
have been a rude joy in the heavens and the 
earth, and in the pageant of the Seasons— 
something more than the pleasure of basking 
in the sun like a lizard. Probably, however, 
it was not until man had gained some firmneSs 
of footing in the world, seemed by his wits 
against stronger rivals and a careless environ- * 
ment, that the emotional tone grew into 
dignity as a distinct mood, a genuine enjoy¬ 
ment of beautiful things, which found expres¬ 
sion in music and dance, in song and story, 
in painting carving, aifd in religious 

rites. 

Like the practical mood, so the emotional 
mood has its obvious virtues. It is part of the 
salt of life. It begets a sympathy that is 
insight. In a noisy world it helps to keep us 
aware of the harmony hidden in the heart of 
things. 

We are perhaps apt to think too lightly 
of the value of the more primitive sesthetic 
emotions. Do we not need some infusion of 
the simple delight in the earth which was 
expressed, for instance, by Matthew Arnold in 
his Empe^cles on Etna ; “ Is it so small a thing 
to have enjoy’d the sun ? ” There is a fine 
ideal, which no science need contfadict, in 
that line of Gdidsmith^s, “ His h^vjeh com¬ 
mences ere the world be palt.” It is 6nly by 
the culture of the emotional mood—^though 
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the wor^ are almost self-contradictory— 
that man “ hitches his wagon to the stars.** 

But, Just as with any other disproportionate 
development, there are risks in the hyper¬ 
trophied emotional mood. Uncurbed by 
science, uhrelated to practice, it may become 
morbid, even mad. Rational wonder may 
degenerate into “ a caterwauling about 
Nature.’* Enthusiasm for what is beautiful, 
without relevant activity, may become an 
unpleasant effervescence. There may be over¬ 
feeling, just as there may be overdoing. 

The Scienjtiitc Mood contrasted with 
THE. Others. —^The scientific worker has 
elected primdtily to know, not do. He does 
not directly seek, like the practical man, to 
realize the ideal of exploiting nature and 
controlling life—^though he makes this more 
possible; he seeks rather to idealize—^to 
conceptualize—^the real, or at least those 
aspects of reality that are available in his 
experience. He thinks more of lucidity and 
formulae than of loaves and fishes. He is 
more concerned with knowing Nature than 
with enjoying her. His main intention is to 
describe the sequences in Nature in the simplest 
possible formulae, to make a working thought- 
model of the known world. He would make 
the world translucent, not that emotion may 
catch the' glimmer of thh indefinable light that 
chines through, but for other reasons—-because 
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of his inborn inquisitiveness, because of his 
dislike of obscurities, because of his crav¬ 
ing for a system—an intellectual system in 
which phenomena are at least provisionally 
imified. 

And, as we have indicated the Vices of an 
exaggerated emotional mood and of a too 
exclusively practical mood, so we must admit , 
that the hypertrophied scientific -mood has 
its risks,—of ranking science first, and life 
second (as if science were not, after all, for 
the evolution of life); of ignoring good feeling 
(as if knowledge could not be ^bought at too 
high a price); of^edantry (as if science were 
merely a “preserve” for the’expert intel¬ 
lectual sportsman, and not also an education 
for the citizen); of disproportionate analysis— 
dissecting more than it reconstructs—so that 
the artistic perception of unity and harmony 
is lost; of maniacal muck-raking for items 
of fact (as if facts alone constituted a 
science). 

Adjustment of Moods. —Before we go on 
to consider the characteristics of the scientific 
mood in greater detail, let us sum up so far. 
There are three dominant moods in man— 
practical, emotional, and scientific—each with 
its subdivisions. They correspond symbolic¬ 
ally to hand, heart, and head, and they are 
all equally necessary mid worthy. “ And the 
eye cannot say unto the hand, I have no need 
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of thee : por again the head to the feet, I have 
no need of you.” They are all worthy, but 
most so^when they respect one another as 
equally justifiable outlooks on nature, and 
when they are combined, in adjusted pro¬ 
portions, $n a full human life. But that is so 
difficult of attainment, especially when great 
excellence in one direction has been inherited 
or acquired, that the disproportionate develop¬ 
ments we have spoken of are apt to occur. 
They are often the more dangerous because 
of the very strength which the exaggeration 
gives to its possessor. This is part of the 
penalty of genius. 

For ordinary folk, however, it is safe to say 
that when any mood becomes so dominant 
that the validity of the others is denied or 
ignored, the results are likely to be tainted 
with some vice—some inhumanity, some 
sentimentalism, some pedantry, some violence 
to the unity of life. A sane life implies a 
practical recognition of the trinity of knowing, 
feeling, and doing. This spells health, whole¬ 
ness, holiness, as Edward Carpenter has well 
said. 

Chabacteristics of the Scientific Mood. 
—^In his presidential address to the British 
Association in 1899, Sir Michael Foster in¬ 
quired into the qualities that distinguish the 
scientific worker, and came to the conclusion 
that they were, ip the main, three;— 
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“ In the first place, above all other things, 
his nature must 1>e one which vibrates in 
unison with that of which he is in search; the 
seeker after truth must himself be truthful, 
truthful with the truthfulness of nature; 
which is far more imperious, far more exacting 
than that which man sometimes calls truth¬ 
fulness. 

“ In the second place, he must be alert of 
mind. Nature is ever making signs to us, 
she is ever whispering to us the beginnings 
of her secrets; the scientific man must b^ 
ever on the watch, ready at oii.ce to lay Iss^ 
of Nature’s hintj^'however small, to list^ to 
her whisper, however low. 

“ In the third place, scientific inquiry, 
though it be pre-eminently an intellectual 
effort, has need of the moral quality of courage 
—not so much the courage which helps a 
man to face a sudden difficulty as the courage 
of steadfast endurance.” 

Anticipating the obvious criticism that 
these three qualities of truthfulness, alertness, 
and courage are not in any way peculiar to 
the scientific man, but “may be recognized 
as belonging to eilmost every one who has 
commanded or deserved success, whatever 
may have be<m his walk in life,” Sir Michael 
said: “That is exactly what I would desire 
to insist, that the men of science have no 
peculiar virtues, special powers. Tl]^ 
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are''ordinary men, their characters ai^ com¬ 
mon, even* commonplace. Science, as Huxley 
said, is oi|;amzed common-sense, and men of 
science arc common men, drilled in the ways of 
common-aense.” 

Perhaps this protests a little too much, that 
the scientific man is as other men are, but it 
emphasizes a useful point, that the scientific 
mo^ does not necessarily imply any particular 
knowledge of this or that science. Some men 
who are quite ignorant of any of the concrete 
sciences have nevertheless a highly developed 
scientific moo^ Give them data and a clearly 
statM problem, and they so«h show that they 
are scientific in every fibre of their mind, ft 
is indeed a vulgsEtr error that science is any¬ 
thing by itself. To speak of “going in for 
science “ is like proposing to go in for breathing 
or good digestion. 

l^en all is said, however, we feel that there 
is something distinctive in the scientific mood, 
and this requires further analysis. It will 
appear that our conclusions agree with Sir 
Michael Poster’s, but they emphasize intel¬ 
lectual rather than moral features. 

A Passion fob Facts. —^As a first char¬ 
acteristic of the scientific mood we would 
rank a passion for facts, which corresponds 
to the quality of truthfiUness in Sir Midut^ 
Foster’s analysis. It is the desire for accuracy 
of observation and precision of statement. 
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** First, make sure of the facts,” is a funda> 
ijciental precept in science, but it is no easy 
matter. Even in regard to simple problems 
it is often difficult to get a grip of the facts of 
the case. Even in regard to simple occur¬ 
rences it is often difficult to give a quite 
accurate account of what took place. This 
is partly due to the dash of the artistic mood 
which most men have. It is often due to the 
untrcuned eye, which sees only what it has the 
power of seeing,—sometimes little indeed— 
and, in the opposite direction, to preconcep¬ 
tions which often enable men to see what is 
not to be seen.«i It is also <fue to lack of 
discipline in the method of science; thus noth¬ 
ing is commoner than a narration that mingles 
observation with unconscious inferences from 
observation, which is one of the elementary 
fallacies. 

” Man, unscientific man,” Sir Michael Foster 
said, “ is often content with ‘ the nearly ’ and 
* the almost.’ Nature never is. It is not her 
way to call the same two things which differ, 
though the difference may be measured by 
less than the thousandth of a milligranune or 
of a millimetre, or by any other like standard 
of minuteness. And the man who, carrying 
th^ ways of the world into the domain of 
science, thinks that he may treat Nature’s 
differences in any other way than she treats 
them herself, wffi find that she resents his 
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conduct; if he in carelessness or in disdain 
overlooks the minute difference which she holds 
out to him as a signal to guide him in his 
search, the projecting tip, as it were, of some 
buried treasure, he is bound to go astray, 
and, the more strenuously he struggles on, 
the farther will he find himself from his true 
goal.” 

Many children seem to pass through an 
interesting stage in which they fail to dis¬ 
criminate between their dream-pictures and 
their wide-awake pictures of actual occur¬ 
rences, and il^ was probably ingenuousness 
rather than any lack of goAl faith that led 
some of the Old naturalist-travellers, in the 
glamour of strange lands, to mix up in their 
diaries what they actually saw and what the 
natives told them was to be seen. And we 
do not need to go back to ancient history to 
find examples. 

The scientific worker is well aware that in 
measurements and observations the accuracy 
attainable is only approximate, and that 
the degree of approximation varies with the 
individual. The personal equation has been 
for a long time frankly recognized and allowed 
for in astronomy; it is also sometimes esti¬ 
mated in chemistry and physics; but it must 
be recognized all round. Science begins with 
measurement and there are some people 
who cannot be measurers; and just as we 


^ O 



20 INTRODUCTION TO SCIENCE 

distinguish carpenters who can work to this 
or that fraction of an inch of accuracy, so we 
must distinguish ourselves and our acquaint¬ 
ances as able to observe and record to this or 
that degree of truthfulness. 

Hence, naturally, the importance of 
discipline and apprenticeship in precision— 
whether with the chemical balance or with 
the scalpel, with the sextant or the micro¬ 
meter. Even faithful drawing is an effective 
factor in the development of truthfulness; 
and we heartily agree with Agassiz that a 
training in natural science is qne of the best 
preparations a iftan can have for work iq any 
department of life where accurate carefulness 
and adherence to the facts of the case are 
of indispensable importance. 

Long ago Bacon said: ** We should accustom 
oiuselves to things themselves,’* and this— 
to distinguish between appearance and reality 
—^is what the scientific mood seeks after. Its 
emblem might be the X-rays which penetrate 
through superficial obscurities. It is the note 
of precision that is distinctive. We read of 
Clerk Maxwell: “ Throughout his childhood 
his constant question was, * What’s the go of 
that f What does it do ? ’ Nor was he 
content with a vague answer, but would 
reiterate, * But what’s the particular go of 
it?”’ 

The quality of accuracy has, of course,, a 
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great variety of expressions at many differ¬ 
ent levdl4 but it is of the same mood and 
towards ]bhe same ideal all through. The 
discipline'of weighing and measuring is doubt¬ 
less sometimes exaggerated into an end in 
itself, and made unnecessarily tedious by its 
unrelatedness to real problems, but those who 
are inclined to be impatient with it shoiild 
remember that it is congruent with and con¬ 
tributory to “ that enthusiasm for truth, that 
fanaticism of veracity, which is a greater 
possession than much learning; a nobler gift 
than the power of increasi^ knowledge.” 

These are Huxley’s wor®, whose passion 
for facts marked all he said and did. They 
suggest a famous sentence in his autobiography, 
in which he expressed his aims in life. “ If 
I may speak of the objects I have had in view 
since I began the ascent of my hillock, they are 
briefly these : To promote the increase of 
natmal knowledge and to forward the appli¬ 
cation of scientific methods of investigation to 
all the problems of life to the best of my ability, 
in the conviction which has grown with my 
growth and strengthened with my strength, 
that there is no alleviation for the sufferings 
of mankind except veracity of thought and of 
action, and the resolute facing of the world 
as it is, when the garment of make-believe by 
which pious hands have hidden its uglitt 
features is stripped off.” - ■ 
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We have used the strong phrase ** a passion 
for facts ** because of the intensity wMch all 
the great masters in science have shown in 
their reverence for truth and in their contempt 
for mere opinions. “ Opinions,” Glanville 
says, “ are the rattles of immature intellects, 
but the advanced reasons have outgrown 
them.” 

“ The longer I live,” Huxley said, ** the more 
obvious it is to me that the most sacred act 
of a man’s life is to say and feel, ‘ I believe such 
and such to be true.’ All the greatest rewards 
and all the heaviest penalties o£(existence cling 
about that act.’^ 

Cautiousness of StatemeiJt. —Following 
from the passion for facts, there is a second 
characteristic of the scientific mood, namely, 
cautiousness. It has habituated itself to 
withhold judgment when the data are ob¬ 
viously incomplete; to doubt conclusions that 
have been quickly reached; to hesitate in 
accepting what is particularly attractive 
whether in its simplicity or its symmetry. 
Thus scientific workers are naturally sceptical 
and of the school of St. Thomas—^which is in 
no way inconsistent with a tenacity of con¬ 
viction when the demonstration is complete. 
Not any easier than accmacy is this quality 
of active scepticism, ” thatige Skepsis.*’ 
Indeed, as Prof. W. K. Brooks says in his 
FoundaHona of Zoology “The hardest of 
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intellectual virtues is philosophic doubt, and 
the menta^ vice to which we are most prone 
is our tendency to believe that lack of evidence 
for an opinion is a reason for believing some¬ 
thing else.” ...” Suspended judgment is 
the greatest triumph of intellectual discipline.” 
The sceptical, distrustful, scientific desire to 
• test everything was charmingly hit off in the 
definition of a professor given in Fliegende 
Blatter —“ Ein Professor ist ein Mensch der 
anderer Meinung ist.” “A professor is a 
man who is of a different opinion.” 

It is true tl^at the scientific mood is con- 
tinuajly making hypotheses or guesses at 
truth; the scientific use of the imagination is a 
recognized method. It is a kind of intellectual 
experimentation, and it suggests actual experi¬ 
ments by which it is itself tested. The danger 
of this is not so much for experts as for those 
who have incomplete mastery of the rules of 
the game, but every one will admit that 
provisional hypotheses have a tendency to 
put on the garb of full-grown theories, or even 
of established doctrines. As Mr. Bateson has 
phrased it, the controlled scientific mood will 
avoid ” giving to the ignorant as a gospel, in 
the name of science, the rough guesses of 
yesterday that to-morrow should forget.” As 
Huxley said with memorable severity: ” The 
assertion that outstrips the evidence is not 
cmly a blunder but a crime.” 
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A fine illustration ol scientific restraint is 
to be found in Hujdey*s agnostic position in 
regard to the theory of evolution before the 
publication of the Origin of Species. He had 
studied Lamarck attentively, and he had 
fought many and prolonged battles with, 
Herbert Spencer on the subject. “ But even 
my friend’s rare dialectic skill and copiousness * 
of apt illustration could not drive me from my 
agnostic position. I took my stand upon two 
grounds; Firstly, that up to that time, the 
evidence in favour of transmutation was wholly 
insufficient; and secondly, that no suggestion 
respecting the Causes of transmutation as¬ 
sumed, which had been made, was in any way 
adequate to explain the phenomena. Looking 
back at the state of knowledge at that time, 

I really do not see that any other conclusion 
was jristifiable.” . . . “ That which we were 
looking for, and could not find, was a hypo¬ 
thesis respecting the origin of known organic 
forms which assumed the operation of no 
causes but such as could be proved to be 
actually at work. We wanted, not to pin our 
faith to that or any other speculation, but to 
get hold of clear and definite conceptions which 
could be brought face to face with facts 
and have their validity tested. The Origin 
provided us with the working hypothesis we 
sought.” ...” The only rational course for 
tho^ who had no other object than the 
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attainment s of truth was to accept ‘ Darwin¬ 
ism ’ as a working hypothesis and see what 
could be ndiade of it. Either it would prove 
its capacity to duddate the facts of organic 
life, or it would break down under the strain.*’ 
^ee Huxley’s Life and Letters, vol. i. p. 168.) 
To read tlKse words is to breathe the scien- 
•tific atmosphere. They illustrate the scientific 
mood better than any analysis. 

Cautiousness, then, is characteristic of science. 
Just as burnt bairns dread the fire ”; so the 
scientific mood, often deceived by misobserva- 
tion, by inferences mixed im with records, 
by hearsay evidence, by an induction from too 
narrow a basis* and even by the will-o’-the- 
wisp glamour of a brilliant hypothesis, becomes 
more and more cautious, distrustful, “ canny.” 
One of the forms of cautiousness that is most 
difficult of attainment, and yet indispensable, 
is distrust of our personal bias in forming 
judgments. Our interpretations are neces¬ 
sarily coloured by our personal experience and 
our social environment; our hypotheses may 
arise from social suggestion; but before they 
pass into the framework of science they must 
be “ de-p«sonalized.” In fact, the validity 
of a scientific conclusion, as distinguished from 
a more opinion, depends on the elimination 
of the subjective element. As Prof. Kari 
Pearson says: ” The scientific man has above 
all things to strive at self-eliminatioh in his 
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judgments, to provide an argument which is 
as true for each individual mind as for his 
own. The classification of facts, the recog¬ 
nition of their sequence and relative sig¬ 
nificance, is the function of science, and the 
habit of forming a judgment upon these 
facts, unbiassed by personal feeling, is char¬ 
acteristic of what may be termed the scientific * 
frame of mind?-* {Grammar of Scierwet 1900 
edition, p. 6). 

As Faraday said: “ The world little knows 
how many of the thoughts and theories which 
have passed th^^ugh the mind of a scientific 
investigator have been crushed m silence and 
secrecy by his own severe criticism and adverse 
examination; that in the most successful 
instances not a tenth of the suggestions, the 
hopes, the wishes, the preliminary conclusions 
have been realized.” As a complementary 
statement we give another quotation from 
the same great authority ; “ The philosopher 
should be a man willing to listen to every 
suggestion, but determined to judge for him¬ 
self. He should not be biassed by appear¬ 
ances; have no favourite hypotheses; be of 
no school, and in doctrine have no master. 
He should not be a respecter of persons, but 
of things. Truth shotild be his primary object. 
If to these qualities be added industry, he 
may indeed hope to walk within the veil of 
the Temple of Nature.*? 
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It seeing to us strange that some biologists 
have criticized Prof. Weismann because in 
the course df a quarter of a century or more, he 
has modih^ certain of his suggestions as new 
facts camo within his knowledge. Nothing 
is more characteristically scientific. As 
Prof. J. H. Poynting has admirably put 
•it“ The hypotheses of science are continually 
changing. Old hypotheses break down and 
new ones take their place. But the classifi¬ 
cation of known phenomena which a hypothesis 
has suggested, and the new discoveries of 
phenomena to «<vhich it has Jed, remain as 
positive and permanent addiuons to natural 
knowledge when the hypothesis itself has 
vanished from thought.’’ 

Clearness of Vision. —third character¬ 
istic of the scientific mood is the endeavour 
after clearness, the dislike of blurred vision 
and obscurities. The mole has a sort of half- 
finished lens, which is physically incapable 
of throwing any clear image on the retina. 
If there is any image at all, it must be a 
bliurred tangle of lines. In our busy lives, 
as the nemesis of our specialisms and pre¬ 
occupations, we tend to have moles’ lenses 
in regard to particular orders of facts; we see 
certain things clearly, but others are blurs. 
The scientific mood is in continual protest- 
against this; it is all for clearness. 

When we work long at a thing and come 
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to know it up and down, in and out, through 
and tiimmgh, it beccnnes in quite a remarkable 
way traaoslucent. The botanist can see through 
his tree, see wood and bast, cambium uid 
medullary rays, all in their proper place; he 
can see the ascending water and salts, the 
descending sugar and proteids. The zoologist 
can in the same way see through the snail* 
on the thorn, seeing as in a glass model every¬ 
thing in its place, the nerve-centres, the 
muscles, the stomach, the beating heart, the 
coursing blood, and the filtering kidney. So 
the human bo^ becomes translucent to the 
skilled anatomist, and the globe to a skilled 
geo^apher. 

Similarly, on a higher plane than merely 
optical clearness, those of the scientific 
mood are in great part trying to make the 
world translucent. They are seeking to 
construct an intellectual cinematograph ol 
the long processions of causes that pass un¬ 
ceasingly before us. A perfectly dear work¬ 
ing thought-modd is what science sedcs to 
construct. 

There is so much to know that ignorance 
in itsdf is no particular reproach; but the 
point is to be dear when we know and whm 
we do not, and it is one of the characteristics 
ot the sdentific mood that it will have yes or 
no to this question. 

* f* Do you. see it or do you not t ** was the 
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ccMitmuftl Iquostion of -ft biolo|^cal toadbop 
gifted great educati(mal ability, and 
“ H you 8#c it, what is it like ? ” 

A student who worked under Agassiz 
relates how she was almost brought to despair 
by the s^re way in which that great master, 
after giving her a specimen to study, came day 
•alter day, and asked, with a cruel kinHlin«i««y : 
“ Well, what do you see now ? *’ and then 
went away. But at length the student saw 
something—saw what was to be seen, and more 
also. 

What science knows it must^now definitely; 
w^t it sees must be in focus. It feels the 
wisdom of one of Bacon’s aphorisms—often 
verified in history; “ Truth to emerge sooner 
from ewcar than from confusion.” The 
definitizing of error is often the beginning of 
its disappearance. When the evil genie of the 
ESastern tales took on definite bodily form there 
was some chance of tackling him; as a mere 
wriuth he was unassailable. 

One of the expressions of the scientific 
endeavour after clearness is to be found in 
preeision of speech. Thus Prof. Silvanus P, 
Thompron says of Lord Kelvin: “ He hated 
ambiguities of language, and statements which 
m^ead by looseness of phrasing. With 
painful effort he strove for elarity of expr^sNri<m; 
elaborating his phrases in a way that threat'* 
ened at> times to defeat the end intended. In 
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thal hazy medium of words wherein we all 
drown, he at least would attempt to observe 
the proprieties of language. As an example 
take this: Externally the sense of touch, 
other than heat, is the same in all cases—it is 
a sense of forces, and of places of application 
of forces, and of directions of forces.” 

Sense of the Inter-relatedness of* 
Things. —fourth characteristic of the scien¬ 
tific mood is a sense of the inter-relatedness 
of things. It regards Nature as a vibrating 
system most surely and subtly interconnected. 
It discloses a ngorld of inter-relations, a long 
procession of causes, a web of life, infinite 
sequences bound by the iron chains of 
causality. 

In illustration, we would quote what we 
have said elsewhere in reference to Darwin’s 
picture of ‘‘ The Web of Life,”—one of the 
grandest of all scientific pictures. ” What is 
meant by Darwin’s picture of the Web of Life, 
and where did he paint it ? We find it in all 
his works—a luminous background—the idea 
of linkages in nature, the idea of the correlation 
of organisms. Cats have to do with the clover- 
crop, Darwin says, and earthworms with the 
world’s bread supply. If there is an orchid 
in Madagascar with a spur eleven inches long, 
Darwin prophesies that there is a moth wi^ 
a proboscis of equal length. No bird falls 
to the ground without sending a throb through 
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a wide circile, for 
from a sidgle clod 

Long nutritive chaiiu.^^^t)irifift^l^'^en 
on the hill^side to theiirain of t^ie propfi6i5oi2— ■ 
if he is fond of eatinff 
leather shoes on his Hct* coWM^Um with 
the melancholy slaughll®IbiP4eBlI§, labile his 
ivory>backed toilet-brushes implicate him in 
the passing of the elephant. There is a cease¬ 
less circulation of matter and energy. All 
things flow. Influence passes from A. to Z., 
though Z. is quite unaware of A. What ripples 
spread and spfead from thoaintroduction of 
rabbits into Aqjstralia, or of sparrows into the 
United States, or of the mongoose into Jamaica. 
What absolutely essential connections there 
are between cutting down trees and a plague 
of insects, between birds and seed-scattering, 
between sunlight and the catches of mackerel 
(Darwinism and Human Life, 1909, p. 10). 
These and hundreds of similar linkages seem at 
first quaint puzzles, but when the house-that- 
Jack-built procession of causes is indicated, 
they become clear as daylight —as actualities 
of inter-relatedness. Our illustrations happen 
to be biological, but the idea is universal, and 
the outlook for all sorts of inter-relations in 
the great system of nature is diagnostic of the 
scientific mood. It is often seen in high 
development in men of business, particulariy 
in those who have geographical interests^ 
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Fot it must b« bmne in mind throughout 
thnt the scientific mood is in no way con¬ 
fined to those who pursue science in the 
stricter sense. 

Ctn.TuaE OF THE Scientific Moon.—^We 
do not apologize for giving so much promi¬ 
nence to an elementary disctission of the chief 
characteristics of the scientific mood. For ’ 
in a series like that to which this volume 
belongs it cannot be made too clear that 
science is no “ preserve *’ for the learned, 
but the birthright of all. We must never 
think of it as something printed ana pon¬ 
derous and more or less finished, but as 
something living in our mind and infiuencing 
our worki 

As was admirably said by Mr. Benchara 
Branford in an address to students : “ Science 
is born anew in the deliberate will and inten¬ 
tion of each of us when we succeed in thinking 
about the principles of our work in a clear, 
logical, and systematic way, and courageously 
put our conclusions to the test of experiment; 
and the so-called sciences are the written 
records of such thinking, only more extensive, 
clear, systematic, and consistent, and more 
true to reality, because they have been tested 
by countless experiments and experimces in 
the race.” 

What would one not give to be able to teU 
how the sdentifio mood may be deVrioped t 
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Ou7 inherita^^s are diverse and uDequat, 
9 ixd they Urns us; yet much can be gained 
by “ nurture ^ and much lost for the lack 
of it. ' 

A bc»m raconteur is not likely to make a 
good man of scnence even in the best laboratory 
in the world, and a man without a dash of 
, poetry is not likely to acquire it by a diligetrt 
perusal of the Faerie ^yteerief yet it is idle to 
pretend that we cannot to some extent in¬ 
fluence the development of our inherited moods 
by appropriate nurture. 

By dint of hqpamering one becomes a smith, 
and it is by doing scientifi^work that one 
cultivates the scientific habit of mind. Those 
who mean to become teachers and investiga¬ 
tors may find inspiration in being apprenticed 
to a great master and in a laboratory with great 
traditions; those who mean only to become 
intelligent citizens of the world—^to whom 
this volume, with the rest of the Library, is 
primarily addressed—^may find inspiration in 
reading scientific “ classics,” histories of 
science (astronomy, best of all), and bio¬ 
graphies of the great masters (such as Faraday, 
Clerk Idaxwell, Helmholtz, Kelvin, Huxley, 
Darwin, , and Pasteur), huA the sderOific 
temper ntwt be terotight out by each one fqr 
- himself. 

. . What we wish to make clear is that, the 
iidenUflc niood does not necessarily dcxi^d 
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for its development the long sea-voyages that 
meant so much to Darwin and Huxley, near 
i;he extensive explorations and long solitudes 
that meant so much to Hiunboldt and Wallace, 
nor dramatic opportunities such as came to 
Pasteur, nor splendidly equipped laboratories, 
nor costly instnunents. 

What is demanded is within the reach of all 
who will habituate themselves in making sure 
of the facts, in precision of statement, in 
getting things clear, and in realizing the 
complexity of all situations. These qualities 
cannot be acquired passively; the kingdom of 
science must be &ken by force. The scientific 
mood can only be engendered by our being 
activdly and energetically scientific. 

It matters little what problem is tackled, 
but it should, at first, be one that admits 
of discipline in some form of measurement 
or accurate registration. It is often well to 
follow our tendrils of spontaneous interest 
towards some subject which naturally attracts 
us; but it is also well that we should undertake 
some difficult piece of work, which stretches 
our brains. In some way those who would 
develop the scientific mood must learn to 
endure hardness intellectually, remembering 
Darwin’s recipe: ** It’s dogged that does it.’- 

SuifMA&T. —The scienU^ mood is especially 
marked by a passion for facts, hy cautiousness 
of statentent, hy clearness of vision, and hy a- 
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netiBt of (he linter-relatedness of things. It is 
contrasted the emotional or artistic mood and 
xoUh ihe prckiical moody hul the three form a 
trinity {of kriowingy feding mid doing)^ which 
should be unified in every normal life. 



CHAPTER It 

THE AIM OF SCIENCE 

** The classification of facts, the recognition 
of their sequence and relative significance is 
the function of science, and the habit of form* 
ing a judgment upon these facts unbiassed by 
personal feelingtss characteristic of what mfty 
be termed the scientific frame of mind.”— 
Kael Pearson. 

Obrervadon, Description, and Formulation—Science and 
Common-Sense—iTie Subject-Matter of Science— 
Descriptive Character of Science—Knowledge of 
Unses-Reduction to Simpler Termo—Laws of 
Nat^—Particular Aims of Different Sciences—The 
Evolutionary Aim— S ummar y, 

Longstanding controversies regarding 
science and religion, science and theology, 
science and philosophy, science and poetry, 
owe their longe^dty partly to a misunder- 
stmiding of the aim of Science, We propoi^, 
therefore^ to devote a chapter to this subj^, 
which is also of great interest for its own sake. 
Observation, Description, PoRMuyAirdiir.;, 
^runaty aim of Science is the concise 
the knowable unive^. The 
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man of siientific mood becomes aware of 
certain fa(|fcs that interest him; he proceeds 
to becom^ more intimately aware of them; 
to make his sensory experience of them as 
full as possible. Careful and critical observa¬ 
tion is the first step. 

This work of Science, which we may call 
getting at the facts, is much more difficult 
of attainment than those who have not tried 
imagine. One reason for this is very familiar, 
—that things are not always what they seem 
to be. And though Science does not raise 
the characteristic metaphyaKal question as 
to what is meant by being real, it has in its 
own way to distinguish seeming from reality. 
The sun does not rise and set, the stable 
Earth is a whirling sphere, the inert body may 
be a vortex of rapidly moving corpuscles, and 
so on. If Science is to be consistent it has to 
set itself to the task of distinguishing realities 
from appearances. 

Having got his facts, the scientific investi¬ 
gator proceeds to arrange them, to find their 
common denominator, to discover the condi¬ 
tions of their occurrence, and to describe 
them as completely and as simply as possible, 
and finally to sum them up in a general 
formula, often called a law of nature.** 

Aristotle defined this aim when he said: 
*'.^)Lrt [or, as we should say. Science] liMgins 
#nen/ from a great number of experidoicei. 
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one general conception is formed which wSl 
embrace all similar cases.” And the 'greater 
part of the clearing-up which Science effects 
is not in forming some new general conception, 
but in bringing new sets of facts within the 
grasp of an old one. When we make things 
more intelligible, we do so by discerning' the 
general beneath the particular, the ‘'permtment 
law ” beneath the “evanescent circmnstance.” 

In short, it is the aim of Science to describe 
the impersonal facts of experience in verifiable 
terms, as exactly as possible, as simply as 
possible, and aiF» completely &s possible. It 
is an intellectual construction—a working 
thought-model of the world. In its universe 
of discourse it keeps always to experiential 
' terms or verifiable symbolical derivates of 
these. 

■SciSNCE AND Common-Sense. —It is some¬ 
what remarkable that several investigators of 
distinction have compared Science to common- 
sense. We are told that “ A most simple 
description of true science is embraced in the 
words: Keep your eyes open and apply 
common-sense.” Prof. P. G. Tait was wont 
to say that Science aims at giving ** a common- 
sense view of the world we live in.^ Huxley 
emphasized the idea that “ Science is nothing 
but trained and organized ccxnmon-settse.^ 

It seems to us that it would be nearar the 
«kroth to say that Science is Sharply contrasted 
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with conu^oion-sense. Thus one of the most 
marked clp^acteristics of science is its critical 
qudity, \irhich is just what common-sense 
lacks. By common-sense is usually meant 
either the consensus of public opinion, of 
unsystematic everyday thinking, the imtrust- 
worthiness of which is notorious, or the ver¬ 
dict of imcritical sensory experience, which 
has so often proved fallacious. It was 
** common-sense ” that kept the planets 
circling round the earth; it was “ common- 
sense ” that refused to accept Harvey’s 
demonstratioif of the circul^|ion of the blo^. 

The Subject-Matter of Science. —We 
have already pointed out that Science is 
independent of any particular order of facts. 
It teJces the knowable universe for its subject; 
it deals with psychical as well as physical 
processes, with Man as much as with Nature; 
it has to do with everything to which its 
methods can he applied. What makes a study 
scientific is not, of course, the nature of the 
things with which it is concerned, but the 
method by which it deals with these things. 
A study of a skylark is not necessarily 
zoological. 

The subject-matter of Science includes all 
dearly defined facts of experience which are 
communicable and verifiable. There axe three 
points Imre to be attended to. (1) Before 
i, Science really begins, a preliminary sifting 
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isr often necessary to distinguish supposed 
fncta seen fay the untutimred eye from clearly 
defined facts. (.2) The facts that Science 
takes to do with are ** real,” and ” what is 
real means something which we do not make, 
but find.** As Thomas Hobbes of lUalmesbury 
said in his great Leviathan (16S1): ” Natural 
History is the history of such facts or effects 
of nature as have no dependence on man’s 
will.” (8) Only one self-denying ordinance 
has Science imposed on itself in regard to its 
subject-matter. The ordinance is that Sdence 
shall consist onlj/^f the communicable and veri¬ 
fiable. However real certain personal experi¬ 
ences may be to us, we are restrained by boun¬ 
daries of our own erection from calling these 
experiences scientific territory. They may be, 
but they are not until it is shown that similar 
personal experiences will be enjoyed by all who 
place themselves in the appropriate conditions. 

Descriptive Character of Science.— 
When the aim of Science is spoken of as 
** description ” the word is used in a slightly 
technical sense. There is a preliminary de¬ 
scription which is not more than a faithful 
record of observations—^the kind of description 
which Linnseus, for instance, excelled in giving 
for a spCciOs of plant or animal. But this is 
ihdy hitCllectual photography, good^ but only 
ci iheans to an end,—^to a higher Idnd of destadp- 
^tlbh Whidi is diaraoterisU^y sdeatifioi^ 
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' When say that the object of Science 
is **the complete and consistent description 
of the fa0ts of experience in the simplest 
possible tdrms,” vre are adopting a view—^held 
by such authorities as Kirchhoff, Mach, Karl 
Pearson, and Ward—^which is to many minds 
disappointing. Description seems such a 
tame term to apply to the function of Science, 
which, we are told, is to solve the riddles of 
the imiverse. 

When we come to think it over, however, 
or better still, when we try to work it out, “ a 
complete an^ consistent ^^cription in the 
6im]^est possible terms ” is no small achieve¬ 
ment. It must leave nothing out, it must be 
consistent with itself, with the rest of the 
science of which it forms a part, with Science 
as a whole, with the formal conditions of 
experience in general. Of a truth, “ complete 
and consistent description ” will tax our 
intellectual thews and sinews. And it must 
be in the simplest possible terms, which means 
penetrating analysis, careful reduction to the 
lowest common denominator. And the terms 
must be such as are accessible to direct 
experience or to indirect experimental testing. 
Such is the aim of Science. 

• Behind- the first feeling of disappointmcsnt 
with the definition of Sdetice as a deakiripMctn 
oHhe facts of expcnnen^,. there lurks a secc^ < 
^ Ite the^AvpkmaltdM cd things to be ap t 
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Is it not the office of Science to get belund 
deteription and to supply explanation ? The 
answer to that question is this: (a) The 
viilgar belief that Science has “explained 
everything ” is a hopeless misunderstanding. 
As we shall afterwards find, it would be nearer 
the truth to say that Science has explained 
nothing, {b) Science does not even try to 
, refer facts of experience to any ultimate 
reality. That is not its business, (c) In 
a limited sense Science explains things, 
namely, by reducing them to simpler terms, 
by discovering ^e conditions ef their occur¬ 
rence, and by disclosing their history. What 
do we mean when we say that Physics has 
accounted for the tides, or that Physiology 
has made some function of the body much 
more intelligible than it used to be ? What 
is meant is that we have gained a general 
conception of the nature of the facts in 
question, and that we are able to relate them 
to some general formula. In this sense only 
does Science explain things, and it does not 
really get beyond a description. 

Knowledge of Causes. —^We must admit 
that there is good sense in the popular impres¬ 
sion that it is the aim of Science to discover 
the causes of things. What is Saenoe for it 
it does not make our experience of the world 
airound us and of ourselves more intelligible, 
and does not this increased mteUigiffility 
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depend in i great part on the discovery of 
causes ? Science has been defined, indeed, by 
a distinguished physiologist. Prof. Gk>teh, as 
“ the causative arrangement of phenomena.” 

But how4s this consistent with the descrip¬ 
tive view of Science ? We have seen that 
Science does not “ explain ” anything. But 
what else is the discovery of causes ? 

To answer this question involves a brief 
digression into a difficult and dangerous 
territory,— 4he meaning of cause. The first 
point that we must be clear about is that 
in the naturaWsciences, the ^uses which are 
discovered are “ seconder^’ or “ caused 
causes,” the question of ultimate nauses not 
being raised; and that they are “efficient,” 
not “ final ” causes, not giving any answer 
to the question “ Why ? ” In the natural 
sciences, the word cause is used in the sense 
indicated by Mill,—“ a cause which is itself 
a phenomenon without reference to the 
ultimate cause of anything.” Causation, Mill 
said, is simply uniform antecedence. 

But even after we have become clear that 
Sdence has not to do with a First Cause or 
with Final Causes, ^eat ambiguities remau. 
As Prof. Bergson points out, even in scientific 
dis(K>urse three different meanings of the 
term “ cause ” are frequently confused. “ A 
cause may act by impdling, by releai^iig, 
by . unwinffing. The .billiard-ball,.i tluife 
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strikes ^ottieri determines its movement by 
impelHng* The spark that explodes the powder 
aets by teleasing. The gradual relaxing of 
the spring that makes the phonograph turn, 
unwinds the melody inscribed on the eylinder t 
if the melody which is played be the ^ectj- 
and the relaxing of the spring the cause, we* 
must say that the cause acts by unwinding. 

“ What distinguishes these three cases from 
each other is the greater or less solidarity 
between-the cause and the effect. In the first,- 
the quantity and quality of the effect vary with 
the quantity anc^quality of the^ause. In the 
second, neither quality nor quantity of the 
effect varies with quality an<i quantity of 
the cause! the effect is invariable. In the 
third, the quantity of the effect depends on 
the quantity of the cause, but the cause does 
not influence the quality of the effect; the 
longer the cylinder turns by the action 
the spring, the more of the melody I shall hear, 
but the nature of the melody, or of the part 
heard, does not depend on the action of the 
spring. 

“ Only in the first case, really, does catuse 
eceplain effect; in the others the effect is more 
or less given in advance, and the antecedent 
invoked' i*~“Ui Afferent degrees, of course^ 
its occadon rather than its cause.'* 

In fiiie ifird: case, wh^ the cause<^cHd8;49y 

wlMt cdlliiSA'wns ra^ixiad^^^ 
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se; the mo^le^tum< el the oda 
passes • in great part into the 
othor; thei causal explanation is complete. 

In the second case* where the cause acts 
by releashig, it is an indispensable condition; 
it puUs the trigger apart from which the effect 
will not occur. But it does not explain the 
effect. The egg of a sea-urchin will develop 
without being fertilized if it be immersed fmr 
a short time in sea-water to which sonie 
magnesium chloride or the like has been 
added, and there are many other ways of 
inducing “ artificial parthenogenesis.” But 
the eause in ^this case is only a trigger- 
puller. 

. In the third case, there is more than trigger¬ 
pulling, but the cause does not explain more, , 
than the rate or duration of the effect. 

People are wont to recognize themselves 
as the “ causes ” of this or that result, con¬ 
gratulating themselves on being the ” happy 
(»use of success,” blaming themselves as being 
the ” unfortunate cause of disaster,” and this 
idea of an active agent effecting a change in 
something passive often influences the p<^pular 
conception of causality. Science seeks to 
iheo itself frmn this anthropomorphism. 

It is'part of the business of Science to 
account for the occUmmce of events and kt 
.d<Eies so by disclosing thdr ” effi<nMit eausos*’! 
iimidy meaiis that the CTent in qixe^tioan 
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is shown to be detennined by preceding 
events; one particular set of circumstances 
giving rise to another. 

Let us here seek the aid of a scientific philo¬ 
sopher, Prof. A. E. Taylor. “The notion 
of causation as a transaction between two 
things is replaced in the experimental sciences 
by the conception of it as merely the deter¬ 
mination of an event by antecedent events. 
Similarly, with the disappearance of things 
as the vehicles of causal processes falls the 
whole distinction between an active and a 
passive factor, ^s it becomes 4tiore and more 
apparent that the antecedent events which 
condition an occurrence are a complex plurality 
and include states of what is popularly called 
the thing acted upon as well as processes in 
the so-called agent, science substitutes for the 
distinction between agent and patient the 
concept of a system of reciprocally depen¬ 
dent interacting factors. These two substitu¬ 
tions give us the current scientific conception 
of a cause as the ‘ totality of the conditions ’ 
in the presence of which an event occurs, and 
in the absence of any member of which it 
does not occur. More briefly, causation in 
the current scientific sense means sequence 
under definitely known conditions.'! 

This view of cause and effect as earlier and 
latest stages of the same continuous process, 
Itmfled by a pervading prhu^ple, bri^ iik 
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back to tile ** descriptive ” ideal of scientific 
explanatidn. ** According to this doctrine, 
advocate^ by such eminent thinkers as 
Kirchhofi^ Mach, and Ostwald among 
physicistsi and, with various modifications, 
Avenariui^ Munsterberg, Royce, and James 
Ward among recent philosophers, the ultimate 
ideal of science, or at any rate of physical 
science, is simply the description of the course 
of events by the aid of the fewest and simplest 
general formulae. Why things happen as they 
do, it is now said, is no proper qnestion for 
science; its sale business i^to enable us to 
calculate how they happen.*^ 

Reduction* to Simpler Terms. —It is the 
continual aim of science to reduce the niunber 
of categories or necessary concepts. This is 
the art of wielding William of Occam’s razor— 
Entia non sunt multiplicanda praeter necessi- 
tatem.” “Entities are not to be multiplied 
beyond necessity.” Of the effort to reduce the 
categories let us take a famous illustration. On 
the occasion of his jubilee (1896) as Professor 
ol Natural Philosophy, Lord Kelvin, then a 
veteran of seventy-two, surprised mamy by 
a remarkable utterance: One word chauac- 
terizes the most strenuous of the efforts for 
the advancement of science that 1 have made 
perseyeringly during fifty-five yeaun; that 
word is f^ure. I know no more of elec^e 
apd laagnetic for^e, or of the relatiim betwam 
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6ther, electricity, and ponderiAle matter:than 
I knew and tried to teach my students of 
natural philosophy fifty years ago in my first 
session as Professor.” 

It is instructive to inquire—^from the 
experts, of course—^what this indefatigable 
genius, whose life was a sequence of brilliant 
successes, meant by speaking of failure. 
Prof. Silvanus P. Thompson in his Life of Lord 
Kelvin explains the case. ” The trend of 
modem ultra-physics with respect -to the 
constitution of matter is towards the following 
five categories the etheft that is, the 

plenum ^ling space; (2) the_electron,• con¬ 
ceived as a plexus in the ether, probably of 
two~ species; (8) the atom, a complex' of 
electrons in the ether; (4) the molecule, a 
specific group of atoms (or in some cases one 
atom); (6) the mass, an assemblage of mole¬ 
cules. Energy is involved in the construction 
of any of these out of any other. 

“ Lord Kelvin’s effort seems to have beesi; 
to find a theory to reduce the necessary con¬ 
cepts to the smallest number—^matter and 
ehergy, or, by means of the vortex theory, to 
ether and energy. In the end he found it 
necessary to bring in electricity as well.: But 
who sl^ call this failure ? We understand, 
however, why Kelvin himsN^, actuated"^ by 
Jthe^ desire to reduce: all phya<»I phei;imii«Ba 
duality^0# matto^-lind 
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ideally siBientifio desire—should confess in 
tnis resp^t to failure. 

Ibi connection with the reduction of natural 
pr^ssesl to simpler terms, we must be 
careful hot to allow the idea to become 
tyrannical. It is not always possible to effect 
a reduction, and it is not always relevant. 
Moreover, it is not always easy to make sure 
that the reduction is complete; som^e residual 
phenomena may escape which are at the very 
heart of the matter. 

We cannot describe thinking in physiological 
terms, still less in physical tey|pis. By psycho¬ 
logical analysis we may perhaps make it more 
intelligible, l)ut not otherwise. That is to 
say, we cannot bring it under any general 
biological or physical concept. And although 
we are sure that a thinking man developed 
in time out of a fertilized egg-cell, we cannot 
reduce the activities of the thinking man to 
what we know of the activities of the cell. 
And, again, as we shall explain more fully 
in the section on “ particular aims," even if 
a physico-chemical reduction were effected of 
all that goes on in the cell, that would not give 
us a useful bibloj^cal account of its behaviour, 
$i g. of its development. For tliat requires 
isn histdrieal explanation. 

liAwa; ov NaTURE.-^If Science is only 
deseriptiitm, what is to be said of the Lawsiicd 
S has dii^vere^ 
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moj:«oTer^ things used to " obey,” when w6 
were at school ? Let us find an answer to 
this question in the words of a keen investi¬ 
gator, who, having helped to make physical 
laws, should know something about them. 
** We must confess,” says Prof. J. H. Poynting, 

that physical laws have greatly fallen off 
in dignity. No long time ago they were 
quite commonly described as the Fixed Laws 
of Nature, and were supposed sufficient in 
themselves to govern the universe. Now 
we can only assign to them the humble rank 
of mere descri^ions, often erroneous, of 
similarities whicR we believe we have ob¬ 
served” (Address, British Assefeiation, 1889, 

p. 616). 

. Prof. Poynting goes on to say that a “ law 
of nature explains nothing—^it has no govern¬ 
ing power, it is but a descriptive formula 
which the careless have sometimes personified. 
There may be psychological and social general¬ 
izations which really tell us why this or that 
occurs, but chemical and physical general¬ 
izations are wholly concerned with the 
how.** 

In other words, concmrrently with the 
change in oiur conception of physical law has 
cQine a change in our conception of physical 
exjplanatiop. The change is in our recog^ 
lazing that ” we e^lain an ev«at nt^ when we 
^qw * why! it . happened, , but when F6 hooiv, 
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*howV is like something else happening 
elsewhere! or otherwise—^when, in fact, we 
can inclt|ie it as a case described by some 
law already set forth. In explanation we do 
not account for the event, but we improve 
our account of it by likening it to what we 
already know.” 

It is a common problem of science to 
account for a given state of things,—^the 
appearance of an island, a cold summer, a 
succession of fine sunsets, a shower of gossa> 
mer, a butterfly coming out of a cocoon, and 
so on. In 'vfhat way doe^science account 
for these things ? By a description of the 
conditions of their coming about, and in 
proportion to the completeness and generality 
of that description is our satisfaction with the 
account that is given. We are particularly 
well satisfied when what seemed to be an 
exception is shown to prove the rule—^that is 
to say, when an apparently strange event is 
shown to conform to an established law. 

Let us take a concrete case given by Prof. 
Karl Pearson {Grammar of Scienee, ed. 1900, 
p. 99). ** The law of gravitation is a brief 

description of how every particle of matter 
in the universe is altering its motion with 
reference to every other particle. It does not 
tell us whff particles thus move; it does iibt 
tell us why the earth describes a certain etiryb 
rouhd the sun. It simply resximes^ in A tew, 
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brief WQdrds, the relarionships observed between 
a vast lisnge of phenomena. It eccmomhses 
thought by stating in conceptual short¬ 
hand that routine of our perceptions which 
forms for us the tmiverse of gravitating 
matter.*’ 

To the same purpose, in his impressive 
History of European Thought in the Nineteenth 
Century, Dr. J. T. Merz writes : “ A complete 
and rimple description—admitting of calcula¬ 
tion—is the aim of all exact science. . . . We 
shall not expect to find the ultimate and final 
causes, and sci^ce will not Heach us to 
understand natmre and life.. . . Science me an s 
* the analysis of phenomena' as to their 
appearance in space and their sequence in 
time.* ** Or again, the true nature of sden- 
tific explanation is suggested by Kirchhofi’s 
definition of mechanics, as the science of 
motion, whose object it is ** to describe 
comidetely and in the simplest manner the 
motions that occur in nattvre.’* 

’ Huxley expressed the same general view 
of the Laws of Nature in a letter to Kingsley 
in 1868;— 

** This universe is, I conceive, like to it 
great game being played out, and we poor 
mortals' ixo alloW^ to take a hand. By 
great good fortune the wiser among uet hairW 
xpade ont aome fidv of the rules of fhepmna^ 
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of Nature,| and honour them because we find'^ 
that if w^obey them we win something for 
our pains. I The cards are our theories. and' 
hypothese^ the tricks our experimental 
verifications.” 

Particular Aims op Difperent Sciences.- 
—^It was Kant who said that any branch of 
knowledge contains just so much science as- 
it contains of mathematics; and this is not* 
very different from saying that all science 
begins with measurement. If this view iS’ 
pressed it leads to the conclusion that the. 
only perfect science is mech^cs, and that 
the only quite precise scmnces are those 
dealing with processes which can be analysed 
into the motions of ideal corpuscles. 

This seems to us an impracticable ideal 
ol precision, for it must be noted that facts 
whose mechanical analysis is not within sight 
need not on that account be treated unscien¬ 
tifically. They may be measured, though not 
with the same measure as is used for the stars 
in their courses. Complex as are the inborn 
variations of plants and animals, they can be 
treated by the same statistical methods .as 
are used in recording the simple phenomena 
observed when dice are thrown ten thousas^ 
times, l^ysterious as are the facts of inh(^l;<b 
ance«- the mepert: can occasionally ^proph^^ 
sdt<e^ as iW the natore; of the. <^ckR.wh^\ 

ua}Mtched ;iidtl^;;Q|. 
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eggs. There is a great deal ol precise measure* 
ment in physiology and psychology which has 
led or is leading to exact science, thoi^h not 
to mechanical re-description. 

Moreover, to return to a consideration 
referred to in the section on reduction, we are 
very strongly of opinion that Biology does not 
necessarily make progress towards perfection 
by the mechanical analysis of changes that go 
on in living bodies. That kind of analysis 
or reduction to the lowest terms is an engine 
of research which must be worked for all it 
is worth, but it does not directly answer any 
biological questi^is. For Biology has a.par- 
ticiilar end—^that of describing the life of 
plants and animals, and that end is not 
necessarily achieved by discoveries in the 
physics and chemistry of living bodies. We 
watch a bird building its nest. We know that 
there is an intricate sequence of physical and 
chemical changes going on in its body. We 
feel sure that nothing occms that contradicts 
any of the established laws of chemistry and 
physics. We do not know whether a com* 
plete chemical and physical descripticm of 
what occurs is realizable or not. We know 
that it has not been given. But we feel sure 
that if it were given it would not directiiy 
bel]p us to understand the bird building its 
ne^ For that requires a different kind t^ 
diescripUon-rrvnth* different cox^pts, ..whidh 
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recognize ihe bird as an historic being with a 
itkind of it| own. 

Comte i^aintained very strongly that me¬ 
chanical principles broke down aa inappUcable 
beyond the physical order, but that is not 
quite the point. They are applicable in Biology; 
Uiey have been of great service as a means of 
investigation in Biology; their application has 
brought the characteristically vital into bolder 
relief. But the point is that they are not ex¬ 
haustive of what occurs, and that they do not 
give us distinctively biological descriptions. 

It must be clearly understood that Biology 
has an aim far wider than ffiiat of giving an 
account of the* physical and chemical processes 
that go on in the living body. It has to tell 
the story of individual development, the story 
of racial evolution, and the story of the 
everyday behaviour of the organism. It has 
to recognize the past living on in the present, 
the individuality and spontaneity of the 
creature, and, often at least, a dramatic 
element in life—much, in fact, that requires 
a kind of description very different from that 
of Chemistry and Physics. In the same way 
it ought be shown that Psychology has a 
particular aim of its own, which is distinct fronr 
that of Biology. 

More generally stated, the important idea 
which wn wish to make dear is that oitat 
defines n science is not its sabject^niitter. 
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bnt its^jKwt of viow,—^the paxtici^fur Mitdl of 
q\xesti<ni it aslcs. The lark singing at-Jaeaven^s 
gate is a fact of experience which may- be 
studied physically, biologically, and psycho¬ 
logically, but a complete answer to the 
questions asked by Physics would not answer 
those asked by Biology, still less those asked 
by Psychology. 

The Evolutionaey Aim. —^The end of 
Science is not reached in the formulation 
things as they are, it has also an historical or 
evolutionary aim. In every department of 
knowledge the question we are continually 
asking is —** H<w have these things come to 
be ? ” The solar system is traced back to a 
vast nebula. 

“ The solid earth on which we tread 
In tracts of fluent heat began.” 

There are hints of inorganic evolution, one 
kind of matter giving rise to another, as 
Uranium to Radium. There is a history if not 
a sermon in every stone. And when we cmne 
to . organisms we find evolution in the stricter 
sem>e, race giving rise to race by processes of 
slow, transformation still very imperfectly, 
understood. The conception extends to lan¬ 
guage and lit^ature, to art and instituti^s, 
‘to everything. It is in this genetic view of 
jNature :<md-of Man that Science 
Uvelf, joins hands vdUi ; ) 
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StnuMABf’.^T^ aim of Science is to describe 
ihe imfer^tal facts of ewperience in verifiable 
Urrms ai fcaeUy as possible, as simply as 
possUde, am as completely as possible. It is 
art intelleiii^ construction,—a vmMng thought- 
model of the world. In its universe of dis¬ 
course ** it keeps always to experiential terms, 
or verifiable d^vaiives of these. It is as far 
bn one side of common-sense as poetry is on the 
offier. It deals with “ facts ” which have 
no dependmce on man*s will, which must be 
dommuniccdtle and verifiable. It is descriptive 
formulation, ndt interpretative ^lanation. The 
causes that Sconce seeks after are secondary 
causes, not ultimate causes; elective causes, not 
final causes. Indeed, its causes and effects 
are simply earlier and later stages of 0ie same 
continuous process. Science always seeks to 
reduce things to a common denominator and 
to reduce the number of categories or necessary 
concepts. The “ Lcews of Nature ” are descrip¬ 
tive formulce in “ conceptual shorthand ” of ^ 
routine of our perceptions. Each science hat 
distinctive questions and concepts of its own. 
The end of Science is not reached in the formula¬ 
tion of ffangs as they are, it has also to describe 
hoWthey hewe come U> be, 

‘I;; ‘ 
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SCIENTIFIC METHOr 

“Induction for deduction, with a view to 
construction.”— Comte. 

The Ix^io of Science—The Keen Eve—Collecting Data— 
Measnrement—Arrangement of Data—Anu^s and 
•Redndaon—Hypothecs—Test ExMrunents and Con¬ 
trol £xmrimentgr'l’'ormnlation—^e Scientific Use 
of the Imaginanon—The Fundamental Poetolate of 
Science—Summary. 

SaENCE is not wrapped up with any 
particular body of facts; it is characterized as 
an intellectual attitude. It is not tied down 
to any peculiar methods of inquiry; it is 
simply sincere critical thought, which admits 
conclusions only when these are based on 
evidence. We may get a good lesson in scien' 
tide method from a business man meeting 
some new practical problem, from a lawyer 
sifting evidence, or from a statesman framing 
a constructive bill, 

How, then, does science differ from (ndinary 
, knowle^ ? It is criticized, systematized^ and 
"gmeralu^ knowledge. That is to say^ the 
student of science tc^es more^pains 
manln.^ street does to get atithe^cts f^e 

S8 
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fs not co|.tent with sporadic knowledge, but 
will haye|as lar^ a body of facts as he 
get; he s^lstematizes these data and his infer¬ 
ences from them, and sums up in a generaliza¬ 
tion or formula. In all this he observes 
certain logical processes, certain orders of 
inference, and we call this scientific method. 

The Logic of Science. —Of modes of 
inference there are no more than there were 
in the days of Aristotle, who recognized three: 
(a) from particular to particular (analogical 
reasoning), (6) from particulars to general 
(inductive reasoning), (c) |p>m general to 
partieular (deductive reasoning). Let us take 
a few examples. 

(o) Analogical Beaconing .—^The geologist 
tells us the story of the making of the earth 
and describes what happened millions of years 
ago, and in many cases he relies on analogical 
reasoning. From the consequences of parti¬ 
cular happenings to-day he infers the efficient 
causes of events that happened in the Devon- 
iau Age. He sheds the light of the present 
on the dark abysses of the past. 

When Darwin argued from the particular 
variations which he observed in his domerti- 
ttat^l^geons and cultivated plants to Va ri utinn ff 
wWch nnght have occhrred hi tmthink^abl^ 
distant aeons, he was trusting to aniddgl^ 
r^dnihg. Ofteh it is the only alterthltii^, 
bht -it shoiUd be used with resf^aiht ' ih 



from the present to iremote ahtiquit;^,, 
4^ it & nbvious' th&t some iniportaat differ* 
-enee’between file conditions then and thhse 
df toHlay may invalidate the argument. 

■ (b) It^u^v 0 Jl^itsohifig.—This is argument 
feom paHiculars to the universal, add science 
Is full of illustrations. ** Galileo had smooth 
Inclined planes made; and then, by rolling 
balls down them and measuring the times ^ nd 
squares of descent, he discovered inductively 
that the space fallen is always as the square 
of the time of falling; so that, if a body in 
one second of ^’me falls aboiit sixteen feet, 
id two seconds it will have fallen sixty*fo«r 
feet, four times as far (time’2-squared), in 
three seconds one hunted and forty-four 
feet, nine times as far (time 8-squared).” 

The inductive method may almost be CaTl«»d 
BsM!onian, for Bacon was the first to show fbpt 
the sound way of studying Nature was to 
work up from particulars to principles. He 
called his method the new instrument—tl^ 
Novum Organum. It was founded oh the 
jj^hciple that things which are always preseid^ 
varying together, are catitally 
t^hh^ted, ’ . 

^,t?) ©sdiidfoS Reasoning .—^This iS aigi&neht 
^ to particuliars, the Idhd'o^ 
It^fi^jihce Which'‘enables thei 
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to .cQQii^ By deducticai Neptune wtui disk 
ix^aoed befeie it wa$ toen. By deduetion* 
liiiTen thtoff tfood observatiims of . a pasang 
oometi sre ^an predict its return to a night. 

.As a.good example, cited by Prof. Cas^of 
the abuse of the deductive method by one 
of the greatest of all intellects, we may recall 
an , argument used by Aristotle to support the 
old circular astronomy. The stsns are eternal 
and must have eternal motion. The only 
eternal motion is circular. Therefore the 
stars move in circles round the earth. ** It 
is a case of twe h 3 rpothetical memisses lecuiing 
to a ^false conclusion. Eve^ step is false. 
There is nothing for it but experience. The 
real question is how the stars move in point 
of fact.” 

It is not within the scope of this little bpok 
to enter into a detailed discussion of the 
various scientific methods—such as the mathe¬ 


matical, the empirical, the explanatory, and 
the verificatory, which Mill distinguished. 
But there are two. important consideratioiM 
to be. borne in mind,—first, that great con- 


dunqi^ seem often to be reached by a,n^ 
of imit^native genius, perhaps the expressiqn 
pf. Ip^-continu^ processes of. subcnnMbns 
^m|^rad«m; and, second,' that iq, aptnaji 
pera^qe ih^hatipn and deduction are 

we..hod. that 
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and Induction kave affotded a basis Irraa 
trittcb deduction has reached far beyond' 
experience. The supreme illustration of the 
power of combined methods is to be found in 
Newton’s Principiat for here, as Prof, Case 
has shown in deUiil, the method is neither the 
deductive Aristotelian, nor the inductive 
BcUsonian, but both; it is the interaction of 
induction and deduction in a mixed method. 

“ The full title, Phihsophice Naturdlis Prin- 
dpia MaOiematica, implies a combination of 
induction and deduction. It is also a com¬ 
bination of ana^sis and synthesis : it proceeds 
from facts to causes as well as from pauses 
to facts.” 

The Keen Eye. —We use this phrase, 
metaphorically as well as literally, to describe 
what may be called a preliminary condition of 
aU scientific investigation—one certainly thid; 
has led to many discoveries. We mean the 
observant habit, the alert mind, the appetized 
intelligence, the inquisitive spirit, which notices 
whatever is imusual, which sees a problem 
in the most commonplace occurrences. It is 
difficult to define this quality, which is at 
its highest when sensory alertness is combihed 
iririr a habit of wondering and pondering. < - 

,jQI.;C|erk Maxwell, who “enridied the: 
ipl^tfmce li^t by Newton andr eimsdididied 
yiorifi of ,Faraday,” it is said that Ids first 
z|p«^il^ticm was of 1ybag : <m> ^ gram 
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his wther’sCiBf^iM io^ci|^f|Vtli8ea 
sun, and whdermg. ^ 

Fofbes, (me|of the 

naturalists, that “ h^irnd'a^lsMs-eye lib 
in a moment any 

it is our impression, lUSraT^uu^story of 
science, that—^apart flMff ^mra^^ost dis¬ 
coveries have been psychologically due to 
a-combination of the keen eye vrith the in¬ 
quisitive spirit. Let us recall what Tyndall 
l^s told us of the way in which Robert Maya 
was led to his theory of energy. 

“In the summer of 1840^as he himself 
informs us, he was at Java, and there ob¬ 
served that the venous blood of some of his 
patients had a singularly bright red colour. 
The observation riveted his attention; he 
reasoned upon it, and came to the condusion 
that the brightness of the colour was due 
to the fact ti^t a less amount of oxidation 
sufficed to keep up the temperature of the 
body in a hot climate than in a cold one. 
The darkness of the venous blood he re- 
gar^d as the visible sign of the energy of 
oxidation” (Tyndall, 1876, p. 274). 

- He was ^wn to the whole question of 
animal heat; to the relation between heoh 
generated and woik: done, and to his remitk- 
able contributions to the mSchahical 
of heat hi particular, and'to the theoi^ W 
'cnibgy fih genand. AU roads lead; to' 
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and ha must he a bold maa udio will, ded^ure 
axiy of Nature’s beckouings to be unwor^y Of 
attention. 

' CoixEcrmo Data. —^The first step in 
ning the scientific study of a problem is to 
collect the data, which are or ought to be 
“facts.” And by this we mean, in Prof. 
Taylor’s words, “ experiences which we can¬ 
not altogether fashion as we please to suit 
our own convenience, or our own sense of whaA 
is fitting or desirable, but have largdy to 
accept as they come to us.” As is often 
said, “ Facts a^e chiels that winna’ ding 
that is to say, tl^'y cannot be coerced or denied 
and they are verifiable by all who have equal 
opportunities and equipment for experiencing 
them. 

In the so-called “natural sciences” this 
collection of data implies observation, and 
much depends on the degree of excellenoe 
which the observer attains. The fundamental 
virtues are clearness, precision, impartial!^, 
and caution. Common vices are rough imd 
ready records, reliance on vague impressions,^ 
acceptance of second-hand evidence, and pick;, 
ing the facts that suit. Since observers are 
fallible mortals, we readily understand the 
jpnpqrtance of co-operation, of in^pendcn^ 
on the same »abjaet, < of J^stru? 
espatal v,meMia cd iinareasing 
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iaatp«ti6iial| methods of registration such as 
photogra^db^ supplies. 

Measubi|uent.—I n collecting data for 
scientific thinking the fundamental virtue is 
accuracy, and it is impossible to exaggend^ 
its importance. Science begins with measure¬ 
ment, with which we include, of course, every 
method of precise registration. 

Many advances. Lord Kelvin said, have 
owed their origin to protracted drudgery. 

Accurate and minute measurement seems to 
the non-scientific imagination a less lofty and 
dignified work than lookinj^for something 
new. , But nearly all the grandest discoveries 
of science haVe been but the rewards of 
accurate measurement and patient, long- 
continued labour in the minute sifting of 
numerical results.*’ In illustration he in¬ 
stanced the discovery of the law of gravitation 
by Newton, Faraday’s theory of specific 
inductive capacity. Joule’s law of thermo¬ 
dynamics, and that of the continuity of the 
gaseous and liquid states by Andrews. 

One of the most instructive recent illustra- 
ti(H>8 of . the value of attending to little hints 
is to be found in the story of the discovery.of 
ai^n. - Lord Rayleigh made a number ^ 
precise weighings of the oxygen cemteined in 
a easefuUy weired and measured glass iUtittc 
V id and 760 nun. wers ivsiff 

^Mliiiihiidiff<mmees in the weighu recorded^ 
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affecting the fourth decimal place. He then 
made a series of weighings of pure nitrogen 
in the same vessel, and took note of the 
minute differences in the weights recorded. 
Especially were there differences in the weigh¬ 
ings of nitrogen made from certain of its 
compounds and nitrogen obtained by removing 
oxygen, water, traces of carbonic acid and 
other impurities from atmospheric air. As 
the differences between the weighings seemed 
greater than the possibilities of error, the 
possibility suggested itself that the nitrogen 
derived from ^he air might cnot be quite 
pure. 

Now in 1786 Cavendish, in iiis analysis of 
air, had also tried whether the removal of 
nearly twenty-one volumes of oxygen and a 
small quantity of carbonic acid from one 
hundred volumes of atmospheric air left pure 
nitrogen. His testing left a residufd bubble 
of something. It might, Cavendish thought, 
have been introduced accidentally during the 
manipulations, but he also suggested that it 
might be a gas neither nitrogen nor oxygen, 
and, if so, that there was about one volume 
of it to every htmdred of atmospheric nitrogen. 
For more than a century the question rested/ 

But in 1894 Lord Rayleigh and 
WffUam Ramsay, in considering disarepan- 
eies in the weighings of atmospheric niti»gen». , 
fenoasdimd Cavendish’s resi^ial 
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Sir Hamsay speedily discovered that 

it consisted of argon (about one and a half 
times as heavy as nitrogen) and s<nne other 
elementary gases. The discovery was the 
reward of precision and a signal instance 
of the value of attending to even minute 
discrepancies. 

It is doubtless a pity when circumstances 
lead a man of science to spend his whole life 
in collecting data and in measurement, but 
it is ungenerous and unwise to speak of this 
in a superior way as “ hodman’s work.’* 
Let us take a« illustration the volume 

on Astronomy by Mr. Hink^-the somewhat 
monotonous aftd quantitative work of star¬ 
cataloguing, which Hipparchus is supposed 
to have begun more than a century before 
Christ, which is continued even unto this day. 
What is the use of it ? The author points 
out (1) that it forms an essential basis for the 
applications of astronomy—the determination 
of time, navigation, surveying; (2) that with¬ 
out go^ star places we can have no theory of 
the motions in the solar system; and (8) that 
** without accurate catalogues of the stcurs we 
can know nothing of the grander problems of 
the universe, the motion of our sun among 
the stars, os of the stars among themselves;’* 
In addition to its necessity in fumisfaie^ 
.^materials for Science, there is great edueaticmai 
in tht discipline of making de&Gate aiid 
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accurate measurements. Speaking of its 
utility, eo&n for those students who were 
destined for the Church, Lord Kelvin said in 
an address at Bangor: “ There is one thing 
I feel strongly in respect to investigation in 
physical or chemical laboratories—^it leaves 
no room for shady, doubtful distinctions 
between truth, half-truth, whole falsehood. 
In the laboratory everything tested or tried 
is found either true or not true. Every result 
is true. Nothing not proved true is a restUt ; 
there is no such thing as doubtfulness.” It 
is very interest^g that Clerk Maxwell should 
speak in one sentence of ” those aspirations 
after accuracy in measuremeilt, and justice 
in action, which we reckon among our noblest 
attributes as men.” 

Abbanoement of Data. —In many cases 
the accumulation of data has to be followed 
,by not less laborious arrangement. The facts 
have to be classified, and that from different 
points of view, and without prejudice. The 
object of this is to discover correlations and 
uniformities of sequence. In dealing with 
im ^ormous mass of facts in regard to the 
Migration of Birds, one of the leading in- 

g uirers into this fascinating subject, Ilfb. £ag^ 
tarke, of the Boyal Scottish jUuSeip^. 

teqhir^ more thhe for the otjd^rly dtassii^^- 

* ■ ^ ^ .. ■ ' ■'' 
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Just aslobsenration is made incalculabty 
more effe(^ve by the use of instruments, so 
in classifymg and registering facts, the use 
of statistical devices—curves and the like—is 
invaluable, as is well illustrated in their 
successful application to the difficult problems 
of biometries, notably of variation and 
heredity. 

Bad observation may invalidate the whole 
scientific process, but carelessness in the 
arrangement of data may be equally fatal. 
It has often happened that attending to some 
minute discrepancy revealed 4) the classifica* 
tion of data has led to the elucidation of the 
whole problem. Thus it has become a maxim 
that no apparent departure from the rule 
should be treated as trivial. It may mean 
an error of observation; it has often led, 
e. g. in Chemistry and Astronomy, to ah 
important clue. 

Akalysis and Reduction. —In many scien* 
tific inquiries it is necessary to pass below the 
everyday facts of experience to those that 
underlie them. There is a process of analysis 
or reduction to simpler terms. In order to? 
umierstand the first facts better we try tO 
resolve them into others, which can be de*. 
soHb^ in simpler or more generalize temui... 

of anhlys^ and reductioip^,.; 
#e^c^g hn aninial, cutting miqrpaoOjE#,. 
ecHoos of a rock, making a dbemiM 
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analysis of a substance—^and their utilization 
is indispensable. 

Hypothesis. —^We mean by a scientific 
hypothesis a provisional formulation, a tenta¬ 
tive solution, and it is part of the scientific 
method to make them and test them. While 
there seems to be no doubt that some scientific 
conclusions have arisen in the mind of the 
investigator as if by a flash of insight, in the 
majority of cases the process of discovery is 
a slower one. The scientific imagination 
devises a possible solution—an hypothesis— 
and the inveslC;;ator proceeds‘ to test it. He 
makes intellectual keys and thpn tries whether 
they fit the lock. If the hypothesis does not 
fit, it is rejected and another is made. The 
scientific workshop is full of discarded keys. 

It need hardly be said that whether the 
hypothesis is reached imaginatively or labori¬ 
ously, whether it is suggested by induction 
from many particulars or as a deduction from 
some previously established conclusion, it hiui 
to be tried and tested until it rises to the 
rank of a theory. 

Test Experiments and Contboi. Experi- 
SCENTS. —The distinction between observation 
and experiment is not of much importance. In 
the former we study the natural course of 
events; in the latter we arrange artificially for 
eeittain tilings to occur, '[^e method 
experiment saves time and we can make 
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surer of the Conditions. In studying the effect 
of electric Idischarges on living plants, it 
would be wbrse than tedious to wait for the 
lightning to <strike trees in our vicinity, so we 
mimic the natural phenomena in the labora* 
tory. In studying phenomena like hybridiza¬ 
tion, we are obviously on much surer ground 
with experiment than with observation in 
natural conditions. 

Alterations in the conditions of occurrence 
which it might be difficult or impossible to 
arrange in Nature can be readily effected in 
the laboratory? It is thus jpossible to dis¬ 
cover which of, the antecedents are causally 
important. Cattle begin to die of some 
mysterious epidemic disease; bacteria are 
fotmd to be abundant in the dead bodies; it 
is conjectured that the disease is bacterial. 
Some of the bacteria are peculiar, and it is 
observed that they occur in all the victims. 
The hypothesis is made that this particular 
species of bacterium is responsible for the 
disease. But since the epoch-making experi* 
ments of Koch which showed that Bacillus 
anthracis is the cause of anthrax (splenic 
fever, or wool-sorter’s disease in man), no . 
one dreams of stopping short of the experir 
mental test. The suspected bacOlus is isor 
Isted, a pure culture is made, this is injected 
Into, a healthy animal, and if the disefuse 
aosues the proof is complete. 
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control experiment. The freshwater crayfish 
has a sense pf smell, as is proved by the rapid 
way in wiu^ it retreats from strong odours. 
Investigation led to the hypothesis that this 
sense was located in the cuitennules or smaller 
feders. This was verified by observing that 
a crayfish bereft of these appendages did not 
react to a strong odour, whereas—here the 
control experiment comes in—^in exactly the 
same conditions and to the same stimulus 
another crayfish with its antennules intact 
did actively respond. Pursuing precisely the 
same two mAhods, the inv^tigator proved 
that the seat of smell was in peculiarly shaped 
bristles on the* outer fork of the antennules. 

A great experimental philosopher is re¬ 
ported to have said: “ Show me the scientific 
man who never made a mistake, and I will 
diow you one who never made a discovery.” 
This was in allusion to the everyday method 
of trial and error,” which is part of the 
logic of experimenting. Different hypotheses 
ace tried till the one that fits the facts is 
found. 

. It is interesting to notice that a scientific 
cmiclusixm may sometimes be safely accepted 
before its demonstration is visibly complete, 
a famous instance being Harvey’s demonsti^ 
tion of the circulation of the blood 
^can the structme of the heart, the obsi^^ 
^e^t parts pf the systemt s;^,^ 
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vttlves< iia the veins, he almost completely 
demonstrated the circulation. Only one stop 
was awanting. ** Harvey’s difficulty lay in 
the circumstance that as the microscope was 
not in use, no known path existed by which 
the blood could be conveyed from the smallest 
arteries into the smallest veins; there was a 
gap in the vascular series, but his demonstra¬ 
tion made it a logical certainty that a bridge 
across this gap was in existence ” (Gotch, 
1W6, p. 47). Although it was not till 1661 
that Malpighi saw the blood flowing through 
transparent ci|^illaries from ^ the smallest 
arteries to the smallest veins, Harvey’s de¬ 
monstration might have passed at once into 
physiological science (which was far from 
being its reception) for the simple reason that 
it was an observed fact that the blood goes 
on ceaselessly flowing throughout life. TAe 
aysUtn workSf therefore the unseen bridge 
across the gap must be there. 

. FoBMUiiATiON.—^The final step in scientific 
method is to sum up what has been proved 
in tomis as clear and terse as possible. A 
theory is stated, a formula is invented, or, 
moxe frequently a new set of facts is brought^ 
into subjection to an old law. The theory 
must fit the facts; it must be a cornffiete and 
consistent description; its terms nuist^ be 
csthesr directly experinientalj, or aeCessifaietto 
eaqpsrtmental'tests; It must be^n^p^rsbnal 
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to this extlat, that it will appear valid to all 
who can aji»preciate the evidence. 

** The filial touchstone,** Prof. Karl Pearson 
says, is equal validity for all normally 
ccmstituted minds.** Moreover, the theory 
must be compared with already established 
conclusions. If there is any discrepancy 
between the new and old, some reconsidera- 
tion of the one or the other, or of both, will 
be necessary. 

Lord Kelvin was wont to emphasize the 
distinction between two stages of progress in 
science, the Natural History ** stage and 
the Natural Philosophy stage. In his 
introductory lecture (1846) as Professor of 
Natural Philosophy in Glasgow University—a 
lecture which he repeated for over fifty years— 
he said : ** In the progressive study of natural 
phenomena, that is, the phenomena of the 
external world, the first work is to observe 
and classify facts; the process of inductive 
generalization follows, in which the laws of 
nature are the objects of research. These 
two stages of science are designated by the 
expressions of natural history and natural 
' ^hikoophy** In other words, s there is an 
obseWational and descriptive stage, followed 
by generalizati<m and formulation. 

It is necessary, then, to mi^e a dear dis*^ 
rinction between the raw materials of sdShee 
and tibo systematisations which iaiso < these 



3^6 

ft. hlg^her .As Prpf. P. G.>7«t 

^ce s^d: Descriptive., botaayi natytftl 

bistory, yoliunes of astronomical observations, 
etc,, are collections of statements, often facts* 
from which scientific truth may ultimately 
be extracted, but they are not science. Science 
begins to dawn*, but only to dawn, when a 
•Copernicus, and after him a Kepler or a 
.Galilei, sets to work on these raw materials, 
and sifts from them their essence. She 
bursts into full daylight only when a Newton 
extracts the quintessence. There has been, fts 
yet, but one J^wton; there Have not been 
very many Keplers.” 

. ScIBNTIFIC UsB of the* iMAGINATIOKr. 

'—^Sliis was the title of a famous lecture, in 
which Tyndall discussed with eloquence and 
insight the function of imagination in scientific 
research. “ Bounded and conditioned by 
cchoperant reason,” he said, ” imagination 
becomes the mightiest instrument of the 
physical discoverer.” ” There is in the 
hnptan intellect a power of expansion, I might 
s^ost call it a power of creation, which is 
brought into play by simple broc^ng over 
IftctSi * the spirit brooding over chaps,* ” .< 

(!< It mhy be that the imaginative broo4i|lg 
suggests ft solution in some, way tiiatiWe>do 

ftb. prespnt. und^taad--4|Ce Ifti^esitmtiftlly 

jtheifft; i^^ 
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’certain letting the mind play among 

facta- has (jtften led to magnificent conclusions. 
It seems ^at the solution is often reached 
'first and ! the proof supplied afterwards. 
-Newton spoke of reaching his discoveries “ by 
attending my mind thereunto,” but it would 
be extremely interesting to know more pre¬ 
cisely what he meant. The steps by which 
he reached his gravitation-formula illustrate 
an interlacing of induction and deduction, but 
we must agree with Prof. Gotch that the 
law was the conception of a creative mind 
gifted with imagination.” ^ In the language 
of Tyndall, t^is ’ passage from a falling apple 
to a falling moon ’ was a stupendous leap of 
the imagination, for his enunciated law applies 
in conception to the universe, thus extending 
into boundless space and persisting throu^^ 
endless time.” 

At the beginning of this chapter we hinted 
that all methods are transcended by men of 
genius, whose magnificent operations the 
history of Science discloses. We cannot give 
-a psychological account of the way in which 
the greatest of them made their discoveries. 
Their methods were secondary. ” God sMd, 
liet Newton bet and there was-light.” - .CM 
KehHui, hi$ biographer says :— v < 

and the other gre^ m aiit ei s 
^ kdibnee^ he #as aceusttmied" to^:> 

wUh 4huA» eh 
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which hij» attention was concentrated that the 
r^ittions subsisting between the various pheno¬ 
mena dawned upon him, and he sate them as if 
by some process of instinctive vision denied 
to others. It is the gift of the seer. . . .” 
** His imagination was vivid; in his intense 
enthusiasm he seemed to be driven, rather 
than to ^ive himself. The man was lost 
in his subject, becoming as truly inspired as 
is the artist in the act of creation.” 

What a famous mathematical teacher, Hop¬ 
kins, ” who had had, perhaps, more experience 
of mathematica]|tminds than any man of his 
time,” said of Clerk Maxwell, ipay also’serve 
to illustrate our point in regard to genius. 
His striking words were : “ It is not possible 
for that man to think incorrectly on physical 
subjects.” 

In short, it must be admitted that genius 
transcends methods. As Prof. Silvanus P. 
Thompson says in his Life of Lord Kelvin :— 

” Observation, experience, analysis, ab¬ 
straction, imagination, all these are necessary 
-^ut are they all ? Something s^ms yet 
Wj&nting to account for what we call the 
intuition of the master-mind. It' is surdiy 
Hdbre akin to the innate faculty of the great 
'drtist'than to the trained pow^ of the 
adalyst.br' the logieian.” 

' FtmDAsdsKTAn'PoswLAti^ out SeieNttt. 
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lying sci4^tific procedure,—postulate which 
is - verified with every fresh step. It is 
the postdate of the Uniformity of Nature. 
This, which may be analysed into a .nmn> 
ber of postulates, means that for our human 
purposes there is stability in the properties of 
-things, that the same situations are contipu* 
ally recurring, that there is a routine in the 
order of Nature—a routine without gaps or 
interpolations, in which every event is deter¬ 
mined by antecedent events. 

Clerk Maxwell discussed the Uniformity of 
Nature in Ills famous Disc^rse on Molecules 
( 187 «). 

“ In the heavens we discover by their 
light, and by their light alone, stars so distant 
freon each other that no material thing can 
ever have passed from one to another; and 
yet this light, which is to us the sole evidence 
of the existence of these distant worlds, 
tells us also that each of them is built up of 
molecules of the same kinds as those which we 
fin d on earth. A molecule of hydrogen, for 
example, whether in Sirius or in Arcturus, 
executes its vibrations in precisely the sanie„ 
time. 

Naturifi causes, as we know, are at wi^k 
which tend to modify, if they do not at lei^h 
destroy^ aU the arrangements and dunei^if^ 
of. the earth and the whole sol^ nyalmn. 
.]^t^ thet^ id the cotu^ of ag^ cutaa^ec^es 
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hiive occuzred ood may yet occur in t^e 
though andent systems may be 
(iissolved and new systems evolved out/of 
their ruins, the molecules out of which these 
systems are built—^the foundation-stones of 
the mid;mal universe—^remain unbroken and 
imwom. They continue this day as they 
were created—^perfect in number and measure 
and weight. . . 

In the more exact sciences—^such as as¬ 
tronomy—the verification of the uniformity 
is complete, since the routine of sequences can 
be summed up rigid mechanical formulae. 
We cannot do this in Biology, ^et here also 
we make and verify the postulate of the 
Uniformity of Nature. In spite of a strong 
personal element in many living creatures 
which makes their behaviour in complicated 
situations unpredictable, there are uniformities 
both of action and reaction. Without these, 
indeed, there could not be a science of Biology 
at all, but with these there is a basis for cd- 
eulation, prediction, and action, which is 
rdiable, though not to the same degree as 
that afforded by the more exact sciences. 

Suhmaby.-^T^ logic of seientifie discovery 
is em intricate interlacing of indtuMon 

arid dedsuHon. While gehiw has eaurded fdr- 
tils history of sdemeCi many ymd 
lidseaveriat futoif been hsths-tye 
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scientific ^cedure is io collect data^ and all 
science bemns with measurement The second 
step is t^ arrangement and classification of 
factsi AmAliaapy to this and to formulaiion is 
the process of analysis or reduction to simpler 
terms. In order to fulfil the aim of describing 
facts of experience as exactly as possible, as 
simply as possible, as completely as possible, 
it is often necessary to try one hypothesis after 
anoth^. An important step in procedure is 
the carrying out of test experiments. The final 
result is a general formula or a law of Nature, 
or, more fre^^lently, the inclu^on of a new set 
of facts withip an old law. At every step 
imagination counts and its highest fiights are 
called genius. The fundamental postulate of 
science is the Uniformity of Nature^ 



CHAPTER IV 


CLASSIFICATION OF THE SCIENCES 

‘‘The divisions of the sciences are not likp 
different lines that meet in one angle, but 
rather like the branches of trees that join in 
one trunk,”— ^Bacon. 

The Convenience the Difficulties of Classification-^ 
Bacon’s Classification-—Comte’s Clas8ification*-^pon- 
cer’s Classification—Bain’s Classific&tion—Karl l4ar- 
son’s Classification—Bio-physics—Exact Science—The 
Classification adopted—^’ine Interest of the Classifica¬ 
tion of the Sciences—Ihe Correlation of the Sciences-r* 
Summary. 

The Convenience and the Difficulties 
OF Classification. —Science takes the whole 
known universe for its province, and every 
eommunicable verifiable fact of experience is 
included among its data. This is such a 
large order that it is obviously convenient to 
have some classification. Moreover^ although 
there is nothing but mis-education to hinder 
an intelligent citizen from having a scientific 
interest in many different orders of fiu)ts> 
tastes differ, and an intellecttial division of 
laboUF s^turally arises^ As a .matter of faet» 
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renders it| impossible for any ordinary man 
to succeed in gaining a masterly familiarity 
with more' than one department of knowledge. 

The classification of the sciences is a matter 
of practical and intellectual convenience, but 
it is full of difiiculties and raises very deep 
questions. If it be made too detailed, there 
is the risk of losing sight of the unity of know¬ 
ledge; if it be made too general, there is the 
risk of denying to particular sciences that 
autonomy which the distinctive character of 
their subject-matter warrants. A compro¬ 
mise has to be made between^wo desirabilities. 
It isr plain, far instance, that Botany and 
Zoology need not be separated with great 
insistence; they may be united without serious 
fallacy under the title Biology. On the other 
hand, there are good reasons for saying that 
it is a fallacy of the gravest sort to indude 
Biology as a special section of Phydcs and 
Chemistry. 

There are similar difficulties in teaching and 
learning. Too great specialization lea^ to 
pedantry; too little of it to superficiality. 
When our aim is to get a grip of scientific 
method, we are more likely to succeed by 
settling down to the thorough study of Some 
one order of facts, than by indulging'm 
‘sen ihtdteotual ramble tlurough the 'unitemi 
€hk thd other hand, ' when we wish Irdsh 
of View and new impulse tn the i^let)!ti&» 
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unaginaticm, we require width of knowledge 
«nd o(>ntacts between different disciplines. ' 

There seems to be a peculiar fascination in 
attempting to classify the sciences, and many 
great intellects have puzzled over the problem. 
Thus we find Huxley, at the age of seventeen, 
writing: “ I have for some time been ponder¬ 
ing over a classification of knowledge. My 
.scheme is to divide all knowledge in the first 
place into two grand divisions; (1) Objective 
—-that for which a man is indebted to the 
external world; and (2) Su^ective—that 
which he has ^quired or may acquire by 
inward contem^ation.” He proposed this 
eeheme;— 

SOBJsanra Osnoim 

' mti^kydos I 

t-*-f i -1 

ifetUyiiysIcs Matbs. Logic Theology Morality History ^yi^logy Physics 
ipr^r 

There have been dozens of classifications 
el the sciences, which have been detdt with 
In a very learned way by the late Prof. 
Robert Flint, but it is far from our purpose 
te discuss them here. We shall not do/moer^ 
thmi zefoi to a few which illustrate particular 

fypintS*'.- .. 

.4vRaGOH*u CiiAssincAizoN.-^lh hia^ 

f^omeia Baeqpi< <ll^-4elK^ 
!nMsagnlp4d<;>t^^ 4>ig d<^>iudm4^a^ 
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^ Histo^, based on Memoru, 

was ^vi4ed into “ Natural ” and “ 

i^^cenoe ojE which is found in the title 

tilf f f f ™ *K»me 

^ lately by more than one Scottish Pro¬ 
fessorship. Poesy was based on the faculty 
of Ir^tn^ion. PhUosophy or the Sciences, 
based on Feojon, included Divinity, which has 

and Natural Philosophy. 
Jhich has to do with God, Nature, and Mam 
^e department dealing with Nature included 
Mathematics, Physics (Material and Secondary 
Pauses), an<f Metaphysics ^orm and Final 
^uses). It IS obvious that this classification 
does not help us much to-day, but it is very 
int^^ting ^ Prof. Karl Pearson points out, 
to notice the suggestion that the sciences 
are not like different lines that meet in one 
angle, but rather like branches of a tree that 
meet in one stem, “which stem grows for some 
^stanw entneand continuous before it divides 
Itself into arms and boughs.” There is here 
a suggestion at once of unity and of evolution, 

^ bmce the divisibns of the sciences are like 
tte branches of trees that join in one trunks” 

It )i$ &8t necessary that we constitute a 
umver^ science as a parent to the rest,.and, 
^Bitak^ a7 cmnnion road to the sdences 
^ore ^waya seimte.”: This unive^ 

> waa^a.'**;{ainiary or summary, 
.>.apd-:>aiciu<fedj^an' -inquiry. 
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scendentsds^ or the adv^titidus conditions cd 
beings.** Bacon’s scheme formed the basis of 
the gighntic work of the French Encydo* 
psedists, but they might well have had a better. 
It was founded on a false idea of Memory, 
Imagination and Reason as separate faculties, 
giving rise to separate departments of know* 
ledge, and it is full of what seems to us to-day 
to be extraordinary confusion, such as the 
entire separation of History from Science, 
and the separation of Man from Nature. 

Comte’s Classification. —^Ai^ste Comte 
(1798-1857) r^i^gnized six fundamental 
sciences: Mathematics, Astron9my, Physics, 
Chemistry, Biology and Sociology; and a 
seventh supreme or final science of Morals. 
These, he said, form a linear series, indicative 
of the order of evolution, for a relatively 
simile, abstract, and independent science 
must,' he maintained, always come before 
the relatively more special, complex, and 
dependent. There were two great ideas here, 
though both were exaggerated. The first is, 
that the sciences should contribute to the 
guidance of human conduct, for in morhls 
there is the ” synthetical terminus of the whdle 
iciehtifie construction.” In other words. 
Science should afford the broad basis for the 
Art Of The second is, that thO SdeeLces 

m Meim^y, those that^ dOai 'id# tlie 
orders facto be£p|tde^#ndtoft 
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on tiiose tfiAt deal -with less complex orders 
of facto. St does not seem to us that the 
facto of can be re-stated in the fmamdse 
of chemistry and physics, or that the biologist 
holds in his han^ the key to the problems 
of human society, but it is certain that an 
understanding and also a control of the 
organism has been greatly furthered by 
chemical and physical inquiries, and that the 
data of biology are full of suggestion to the 
sociologist. Comte’s insistence on the inter¬ 
dependence and correlation of the sciences 
was sound. * 

The idea of a linear series, however, is fid- 
lacious if taken literally. It does not express 
an historical fact that Biology evolved or 
evolves from Chemistry and Physics ; As¬ 
tronomy cannot be separated oh as a funda¬ 
mental science from Physics and Chemistry, 
nor did it supply the foundations of Physics; 
Mathematics may be justly called the most 
fundamental of the sciences, but it is abstract 
and not in line with Physics, Chemistry and 
Biology, which are descriptive. The ranking 
of Psychology as a department of Physi^o^ 
(Bifdogy) abandons the autonomy of that 
very (Bstinctive science—qmte j^atuitously 
and fallaciously, we venture to think. 

. SraKCKs’s .CriAssmcaraoNi—Herbert Spea^ 
eer emphasized the distincti<m bet#am 

#^xAtb 9 tract Sciences of I<ogie aird IKathe* 
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^hich deftl modes or me^ods 
of ' seientifie description, and the Ckmerete 
&^nces which care the scientific descriptioits. 
Thus Mathematics is obviously an abstract 
science, applicable to all sorts of things, bdt 
never inquiring what sort of things they 
are. 

“ The broadest natural division of the 
sciences is, he afiirmed, that between sciences 
which deal with the abstract relations imder 
which phenomena are presented to us, and 
those which deal with the phenomena them¬ 
selves—^between ^ciences whiclf deal with 
the mere blank forms of existence, and those 
which deal with real existences ” (Flint, 
1904, p. 227). Among the latter Spencer 
distinguished the Abstract-Concrete Sciences^ 
sueh as Mechanics, Physics and Chemistry, 
which treat of realities in their elements, oe 
of the real relations implicated in certain 
classes of facts, and the Concrete Scienee»t 
Astimnomy, Geology, Biology, Psychology and 
Sociol<^, which deal with realities in Uieir 
tO|alities, or with aggregates of phenommia.^ 

-*From the banning,” he says, “ the 
Abstract Sciences, the Abstract-Concrete 
Smencns, and the Concrete Sciences: have 
progressed togeth^, the first solving preddems 
>Uie> second and< tiBtd .|niB8ented»^s^ 
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tlMi first; ii| solving the problems of the tid^. 
^ along there has been a continuous aetion 
and reaction between the three gr^t dasses 
of scienced*- 


SPENCER’S SCHEME 


Oroopl. Abstract Sciences:— Logic and MAxste^ 

MATICS 

Group II. Abstract-Concrete Sciences:— Mechanics^ 

Physics^ Chemistry 

Group III. Concrete Sciences:—Astronomy^ Geology, 
Biology^ Psychology, Sociology 
-*- 


“ The thr^ groups of 'Sciences may be 
briefly defined as laws of the fonm, laws of 
the factors, laws of the products.'" 

“ The first, or Abstract group, is instru- 
mental with respect to both the others; sQad 
the second, or Abstract-Concrete group, is 
instrumented with respect to the third • or 
€Ioncrete group.” 

” The second and third groups supply 
subject-matter to the first, and the third 
supplies subject-matter to the second; ^ut 
none of the truths which constitute the tmrd 
group are of any use as solvents of the pvdb* 
presented by the second group; and none 
Of Uie truths which the second group 

aet as 8olvenh» of i»oblxms conti^ied 

t-f widutitMi^hias ''Eref ‘ 
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Spencet would seem to have himsdlf con** 
stnmted a senes of sciences of the very 
tod which, in opposition to Comte, - he 
declared to be impossible. Comte meant 
no mwe by calling one science logically 
dependent on pother than that the one 
placed first is instrumental as regards the 
one placed last, while the latter is not instru* 
mental as reg^ds the former. If there be 
a numl^r of sciences dealing with fundamen- 
taUy distmct phenomena, and so related that 
every antecedent is instrumental as regards 
every conseque^, and no consequent is 
instrumental as Itegards any antecedent, a 
senes of sciences is constituted which repre¬ 
sents the logical dependence of its members. 
Spencer started with denying that there was 
^y such series, but ended by implicitly 
sho\^ that there was one. His own classi¬ 
fication, taken in connection with the passage 
quoted, was a decisive refutation of what was 
e::^eme in his own criticism of the Comtist 
scheme. So far from having succeeded in. 
oy^hrowing that scheme he only at the 
utofMt. succeeded in slightly modil^ing it,*!. 

ia a logical dependence of ihe aoieueee. 
^d why ? Just because there is a neural* 
depradence of phenomena. The quantitative 
yelataons.; with which . mathmatkss deabi^ are 
general* than, the nM» chATii 5 t%t -.-- ta w w ; 
bi^ toi^htrstliiaei^cai^,ha( 
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Dio ohemi^ combinations un(M>nditioned by 
physical properties; vital functions never 
appear ajilurt from chemical processes; and 
there musi be life before there can be con> 
seiousness. That remarkable hierarchy of 
phenomena is a fact which a cloud of abstract 
language or a covering of subtle reasoning 
may to some extent and for a short while 
conceal from om view, but which no language 
or reasoning can efface or even long obscure. 
And there being such a hierarchy of pheno¬ 
mena, it is scarcely conceivable that there 
should be ^o correspondmg hierarchy of 
sciences ” (Flint, 1904, p. 2OT). 

We have quoted this strong opinion from 
an authority who earned a Mgh reputation 
in dealing with philosophical questions, but 
it appears to us to require some safeguarding 
—^in one direction in particular, to which we 
have already referred, and must refer yet 
again. There are, of course, physical and 
chemical processes in the living body; we 
may speak of the physics and chemistry of 
mrganisms; but these do not constitute biology, 
nor do they directly contribute to the solution 
of biological problems, which have primarily 
to do with the ways of living creatures as 
such.; '■■'••V/!''' 

.r One ol the features of Spenc^nr’s dassiflki^..^ 
turn wMoh. has been much 
|mttl^&as it seems tn usr^is the. cs^fThskvIiid 
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Comsrete Sdenees, wMch included Hechani(»; 
Physics, Chemistry and Science of X<lffht’- 
H^t, Electricity, and Magnetisih. If is 
difficult to see why Mechanics should be calli^ 

a^act-<mncrete,” or why the Scienijes 
OT 'Heatj ‘ Light, etc., are not included linden 
lTi 3 nsics, and so on. 

Bain’s CLAssiFiCA-noN.—Prof. Alexander 
Bmn distinguished Fundamental (or Abstract) 
Sciences from Dependent (or Concrete) 
Sciences, and in so doing, apart from the 
nomenclature, 1^ made a distinct step of 
progress. It is evident that Geography* (one 
of the dependent sciences) is derivative, com- 
pfrx, and particulate, as contrasted with 
Physics (one of the fundamental sciences), 
which IS mdependent, simple, and general. 

'The fundamental sciences, according to 
Bain, were Logic, Mathematics, Mechanics 
or Mechanical Physics, Molecular Physics. 
Chemistry, Biology, and Psychology. "In 
cy^ one of these,” he said, "there is d 
disttnet^department of phenomena; taken 
t<^jether they comprehend all known phenu^ 
mena^ and the order indicated is' f- he ‘ ' 

froitt^^^mpJe te ctanplex, and from indepehi" 
d<»tt to dependent, mtokiiiifth^ brier of 
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set laws fc« 

studying cpd compr^MRM^A^PlAiP to ‘ the 
greatest pc^sible advantfili’Basailti BatlaF Se 

The dependent scien^i^ln^^wr^—- 
Mrteorologf, Geography, 

PhUology and Sociolo| 

definition being that “ n c _, _ 

any operation but whalMB^^MlAliA i^^ 
fundamental or departmental sciences." 

Thirdly, Bain suggested a third group of 
Practical Sciences, but here his usual clearness 
of thought is less evident. For he includes 
within one very elastic bani not only what 
we. nqw call “ Applied Sciraces,” but also 
some of the arts like Architecture, and several 
sub-sciences like jS^sthetics (surely a division 
of Psychology), not to speak of Ethics and 
Economics. The idea of his third group was 
a good one, but the contents formed, as Flint 
says, “ an artificial and heterogeneous con¬ 
glomeration." The same authority protests 
against the exclusion of Metaphysics and' 
Theology, a procedure common to Comte,' 
Spencer, and Bmn; but concedes that -as. - 
regards the classification of the Sciences^' 
pra^perly so-called Bain’s Scheme “ may 
be ^egW^ as an improvement on cWteV*!! 
and nuich supeador to Spencer’s.” (•«', 

Pxu^qjn’s .CMn9PtcATxoir.«->Or^ 
tW fif; *!ec«it . maps of 
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his Orawmar cf Science^ He distinguishes, 
to begin with, the Abstract Sciences, which 
deal with modes of discrimination, from the 
Concrete Sciences, which deal with the con¬ 
tents of perception. The Abstract Scienaes 
include Logic and other “ methodological ”■ 
disciplines, and mathematics with its many 
subdivisions including Statistics. 

The Concrete Sciences include (1) the 
Physical Sciences, which deal with inorganic 
phenomena, and (2) the Biological Sciences, 
which deal with organic phenomena. The 
Physical Scien^s are divided*’by Pearson 
into the Precis^ and the Synoptic, the .latter 
always decreasing as the former increase. 
Astronomy is in greater part precise, meteor¬ 
ology is in greater part synoptic. “ In the 
one case we have not only a rational classi¬ 
fication of facts, but we have been able to 
conceive a brief formula, the law of gravita¬ 
tion, which accurately resiunes these facts. 
We have succeeded in constructing, by aid 
of ideal particles, a conceptual mechanism 
which describes astronomical changes. In the 
other case we may or may not have reached 
a perfect classification of facts, but we«cer^ 
tai^ have not been able to formulate our 
perceptual expierience in a mechanism dr 
Gttaceptuid motion, which: would enable. 

' to pleeise)^'I^ediet tho futurei’* ' ; 
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with ' Inpromic Phenomena—are divided by 
F^a^n ii^ the following:— 

Precise Physical Sciences (reduced to ideal 
motions). 

j^ysics of the Ether, e. g. dealing with Heat, 
Light, Electricity, Magnetism. 

Atomic Physics, e. g. Theoretical Chemistry, 
Spectrum Analysis. 

Molecular Physics, e. g. dealing with Elasti? 
city, Sound, Crystallography, Hydro¬ 
mechanics, Theory of the Tides, 
Kineti^ Theory of Gases. 

Molar Physics, e. g. Mech#iics, Planetary 
•Theory,. Lunar Theory. 

Synoptic Physical Sciences (not reduced -to 
ideal motions). 

Chemistry, Mineralogy, Geology, Geography, 
Meteorology, Inorganic Evolution of 
the Earth and the Planetary System. 

The Precise and the Synoptic Physical- 
Sciences, respectively, “ correspond very 
closely to the phenomena of which we have 
constructed a conceptual model by aid of 
dementary corpuscles having ideal motiojM, 
andi to; the phenomena which have not beeij • 
reduced sto, such.,a conceptual .deseciptiohr * ^ 
. , “ Thus , (Syjtopfic Physie<fi, Scien^ j^, 

tnib.es Precise Phyeicfil Science wt tfte 



lai|pB dasmfications of facia ^hich 
yre are continually i^riving to resmte ib 
simple fonnulec or laws, and, as usuaJ^ these 
laws are laws of Motion. Thus condderahle 
portions of the Synoptic Physical Scie^pes 
are already preci», or in process of becoming 
precise. This is notably the case with Chem¬ 
istry, Geology and Mineralogy.” 

(2) The Bioiooical Sciences —^those deal¬ 
ing with Organic Phenomena—are divided by 
Pearson as follows;— 

First, there are those branches of biological 
sdence which deal with the spatial relations, 
OT the localiza^n of living creatures. ^ Here 
Pearson includes the study of tiie DistnbtUion 
of Living Forms {Chorology) and the study of 
habits in relation to environment {Ecology), 
“ These form the major portion of what in the 
old sense was termed Natural History.*' [Prof; 
Pearson's classification sejems to us, in thig 
instance, too hard and fast. The distinctive 
feature of animal behaviour is certainly not 
its spatial relation. ] Secondly, there are those 
branches of biological science which deal with 
sequence in time—^with growth or dfiange. 

non-recurring phases are called Evdhiticm 
(of j^lants, animals, and man) i the recurring 
phases are called Growth. The s^^ vol 
growth is History i^dy 



Ciiiy9«|rt;A^I0N OF SOII^OI^ «r 

fost. Hus we do not think that the >#a^o 
formation mrat^h variation and selection which 
is at the peart of racial evolution* apd the 
differeniia&on and integration which are at 
thy^heart of individu^ development* can be 
lumped in the conception of Growth.] 

Bicdogy is further subdivided, by Pearson, 
into three great divisions, according as' it 
deals (a) with form and structure (Morphology, 
Anatomy, Histology, etc.); {h) with grjowth and 
reproduction (the topics de^t with in the 
Evolution of Sex, the Theory of Heredity, 
and Embrydhogy); and (c) with functions and 
stations, which may be stillied from the 
physit^ side (Physiology) or from the mental 
side (Psychology). The branch of Psychology 
which deals with men in the group is Soci- 
dlogy* which falls into such branches as 
the Science of Morals, the Science of Politics* 
Political Econoihy, and Jurisprudence. 


PEARSON’S SCHEME 
(in outline only). 

Abs'TBAct Sgibnce :—Logic, Mathematics* 
Statistics, Applied Mathematics, a 
. cross-link between Abstract and Gop> 
.crpte Science.. 

, ScuENcn ;-^l) The PhysipM 
t ^^encea.Tw iacludihg iPredsc .Physi^: 
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Physics) wd Synoptic Physical Sdenees 
(Chemistry, Mineralogy, Geology,; 6eo« 
graphy. Meteorology, etc.)* 

(2) The Biological Sciences — ip*, 
eluding Chorology and Ecology, BiohlC^. 
in the narrower sense (the study of 
structure, the study of growth and 
reproduction, the study of functions). 
Psychology, and Sociology, and finally 
'iHistory (including the study of organic 
as well as human evolution). 

Bio-physics.-^To his long liA; of sciences 
Prof. Pearson would add another—a .cross¬ 
link between Physical and Biological Sciences 
—^which he calls Bio-physics. This science 
particularly excites our interest, for in spite 
of its very shadowy natme (even Pearson 
admitting that it “ does not appear to have 
advanced very feut* at present ”) the idea of it 
is provocative and raises the kind of questiem 
which makes the problem of classifying the 
s^nces of deep importance. 

Prof. Pearson says that “ life invariably/ 
occurs associated with sense-impressions 
similar to those of lifeless forms,” and .that 
** organisms appear to have chemicM .9^. 
physical structure differing only in compl^ty. 

inmganio forms.” But our Jinp^eossfp^ 
is Jhe . in; ;Complc$^r;)N% " 
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ihtei^reta^e formtilse of the physdctd fences 
do not sufBfbe for the description of the growth 
and activities, the development and evolution 
of organislas. Living creatures are historic 
beings, and in studying them we have to 
do with behaviour quite different from the 
movements of lifeless forms. Prof. Pearson 
continues;— 

“ Although we cannot definitely assert that 
life is a mechanism, until we know ^ more 
exactly what we mean by the term mechanism 
as applied to organic corpuscles, there still 
seems little dSubt that some the generaliza* 
tions of physics—notably the great principle 
of the conservation of energy—do describe at 
least part of our perceptual experience of 
living organisms.” 

A«lmitting this, and the fact that there are 
physical and chemical processes in the living, 
body which receive physicsd and chemical 
formulation, we do not regard these as dis¬ 
tinctive of the living creature. Many of them^ 
such as digestion, may occur outside the living 
body altogether, in a test-tube for instance. In 
shorty we do not find that a knowledge of these 
is^ated items helps us to describe in physical 
t^j^ms the life and behaviour, the development' 
mid' evrdution of living dreatures. f > > 

Aeedid^ tn Pearson, however, **,a brandll 
Aetenee ia needed deeding With the apfliecW. 
tidit td fh4' Iftwt bf -inmrgatuo' 



to tl:^f deyelopio^t of organicionns. 
Thig branch of sc^nqe which endeovooija tO 
show that the facts ot Biology^—ot Morphoktgy, 
Mmbryology and P^^fog^h-constitute parr 
ticolar oases general physical laws hasjpeean 
termed Etiology. It would be perhaps better 
to call it P»o-p%s»cr.” 

But the term Etiology is already in reeog* 
nized use for a biological inquiry into the factors 
in, organic evolution, such as variation and 
heredity, selection and isolation, and it will 
remain a sound branch of the biolo^cal tree 
even though no^success rewards the attempt 
to describe evolution in terms of the laws of 
physics. 

Prof. Pearson’s idea is different. Just as 
Applied Mathematics is “ the process of analys-^ 
ing inorganic phenomena by aid of ideal ele¬ 
mentary motions,” and thus links Abstract to 
Concrete Science, so ‘Bio-physics attempts 
to link the Physical and Biological Sciences 
tpgether. 

„ Pear^n presents this view in a scheme;— 


Applied f Abstract Science 

I MeAhematies t 

. « cross-link iCoNCBETE Sgiencs 
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" AppuM MaffmnMiea oxiA Bio-phykki eat 
thitis the m links between the three great divi¬ 
sions of Sconce, and only when thdbr work has 
been fully faccomplished shaU we be able t6 
rcidiBe von Helmholtz’s prediction and c6n>‘ 
cmve tdl scientific formulae, all natural lawsi 
as laws of motion. This goad we must, how¬ 
ever, admit is at present indefinitely distant.** 

Not only so, but as the only Bio-physics we 
know of is the physical and chemical study of 
various processes that occur in organisms, and 
as no vital function whatever has yet beeit 
re-described m bio-physical t||ms, and as the 
results* of bio-physical analysis do not seem 
to help us to understand the growth and 
activities, the development and evolution of 
living creatures which require interpretatitms 
different in kind from those of Physics—we arO 
of opinion that Bio-physics might be com-' 
pleted without Biology having tnoie than 
begun. 

It is greatly to be regretted that an elaborate 
and vividly dear classification of the sciences 
by I^of. Patrick Geddes has not yet be?a, 
published, and therefore cannot be indhided 
here, thoui^ the most convincing one we know. 
Some indication of it may be obtained from ; 
the following scheme of anthropological studies' 
publisli^,^.I0O8 by Prof. A. C. Haddop, for 
' ,whiidi .^ImV'Was Imgdy- indebted to Prof '; 
vV' 

' - ,' A* ^ i: ^ '; 
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Exact Science. —We have seen thdfc 'Broti 
Karl Fev^n has distinguished Precise 
Physieal sciences from Synoptic Physical, 
Sciences, fin the former, such as Molar and 
MohiQuIar Physics, the processes can be de* 

. scribed in terms of ideal motions; in the latter, 
such as Chemistry and Geology, this can 
be done only in part. But portions of the 
Synoptic Sciences are always passing into the 
Precise Sciences. 

^e term “ Exact Science ” may be 
used more generally to indicate all science 
that has reSblutely begun Jo “ measure,’’; 
including in “ measurement^’ all forms of 
precise registration. Not a little of the 
modem work in pyscholo^ is very exact, 
but the description of its subject-matter 

in terms of ideal motions ” is certainly not 
its end. 

In further illustration, let us ask why we 
hesitate in applying to Biology the term 
“ Exact Science ” which we unhesitatingly 
accord to Astronomy. The reasons are.two,— 
intrinsic and extrinsic. The intrinsic reason 
is that Biology deals with living creatures,! 
which are personal agents, variable and 
is^ontaneeus, always to some extent unpre^ 
cUetable* We deal in. Biology with an order of 
|dienc»q[tawmme complex than in Astr^omy, 

' «nd onr knowled^ ia^fproportionatdy 
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« The extrinsic season is that Biolo^ is a 
young science and Astronomy a very old 
one. The Arironomer is a master-wortoan, 
the Biologist still only an apprentioe. In* a 
lectilre on Inheritance, the late Prof. W./Br R, 
Weldon put this matter very clearly t 
“The ideal description of every experience, 
thd description which ^one makes further 
progress possible, is a description of aU the 
results obtained, and not a statement which 
largely ignores the inconsistencies observed. 
The reason why astronomers, and physicists, 
and chemists <^n so often afford to neglect 
the inconsistencies of their experience without 
making themselves ridiculous is that by great 
laboiur they have already succeeded in oondn- 
ing the limits within which these inconsisten¬ 
cies occur, so that the proportion of the whole 
experience affected by them is very snudl. 
But biologists have not yet advanced so far 
as this: the margin of uncertainty in their 
experience is still so large that they are 
obliged to take accoimt of it in every state¬ 
ment they make.” 

; the Work which Prof. Wddon hin^f 
did ih connection with variation,' herodi)^^ 
and'Srieetion was symptmnatic of 
mriixt/stowardi .lexacritess that 
eharai^rized ieven the most 
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exact sdmioe in conq>arative anatomy and 
physiol*^, hut in recent years the labours 
of the biolnetricians on the' one hand, and of ' 
the expei^ental zoologists on the dthei^ 
haves done much to bring the study of 
evolution-problems nearer the ideal of exact 
science. 

CiASsmcATioNAnopTEn.—Comfoiningwhat 
appear to us to be the chief merits of the fore¬ 
going classifications, we propose the following 
map 

A. AbstbaTit, Formal, or I^^xhodolooicaIi 
.SCIRNCES. 

These deal with methods of inference, supply. 
intellectual instruments for investigation, and 
test the consistency and completeness of 
scientific descriptions. 

hiidTHRMATics, including Statistics. 

Logic, in the widest sense. 

Metaphysics. 

B. Concrete, Descriptive, or Experien- 

tiAl Sciences. 

. These deal with the facts of expedience 
and with inferences from these facts. The^ 
in(yNide»>fiVe general or fundamental seienoHS 
and a f ar^ number of particulate or ddivative 

sdeaces.-',-- ’•.''''7' .-••s;. 
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Animate Obdeb 


Purely Physical 
Order 

Sociology is the science of t;he structure 
and life, f^owth and evolution of socie- 
tary forms or social groups. 

Psychology is the science of the subjective 
aspect of behaviour, of Man and of 
animals. In the human sphere Psyr 
chology has the fascinating distinction, 
as compared with other sciences, that 
■ “ the instruments of investigation are 
also the objects of research.” 

Biology is the science of the structure aBd 
activity, development and evolution of 
^ organisms, including Man. 

Physics is mainly the science of the .traits- 
formations of Energy (Energetics), i 

Chemistry is mainly the science Of the ; 
.^different kinds of matter, their 'tifBns- ’ 
formations, afBhities, and int^a^i(|ns. 
fit is pat : excellence -the (Adeline;' tbf 
laolecules and atoms. ' ; "'i 






CiiAssnnoATioN Adoptsd. 

OaNCfiETB SQIXKCES. 
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It must be admitted that the fidds ei 
dhemistry ahd physics are not separated 
any defensible boiindary>lines» and the tnro 
sdenees obviously come together in tmdh 
stu(hes as spectrum analysis and in/SUeh 
theories as the electric structure of the atom. 
But the distinction is one of considerable 
convenience and will probably last. 

Some would have even more doubt as to 
the propriety of separating off Sociology, from 
Psychology for instance. 

The fact is that Sociology is still a very 
young science; it^ scope and definition are in its 
own hands. It is therefore neither necessary 
nor advisable at present to try to define it 
with precision; we must see first how far 
it can go. It is the scientific study of social 
groups or ** societary forms,” considered as 
(Concrete organic unities,—each of them more 
than the sum of its parts. It necessarily 
comes into contact with anthropology and 
history, with economics (which has primarily 
td do with industrial organization), mid with 
^litics (which has primtirily to do with-the 
i^airs of the state as such), but it has a pla^ 
and function of its own. ~ ‘ u 

BiThe most important deriva'^i^ 

sciences may be arra^ed'^ip 
dependmt-^^ the ftve fim^mien^ 
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examples! (a) While the l^eneial or fupda* 
mental sc|enoe of Biology is not ocmcemed mth 
the kinda^f Plants or Animals, the piurtioulate 
<a derivative sciences of Botany and Zoology 
emph^aticidly are. {b) Many of the derivative 
sciences are-complex or synthetic, Anthro- 
pblogy being a good example. They combine 
the methods and concepts of several of the 
fundamental sciences for their own particular 
purposes. Thus, to take another ' ease^ 
Geology is a synthetic science, the focussing 
of several sciences in the study of the Earth. 
It inquires Sito the structu|^, activities, apd 
history of the Earth, which it conveniently 
divides into fbm shells—each, if we like, with 
its special science—^the atmosphere, the hydro¬ 
sphere or oceans, the lithosphere or crust, and 
the centrosphere or nucleus. For the most 
part, perhaps, geologists are concerned with 
the earth’s crust, but there are few of them 
who would consent to be restricted to this 
territory. As Prof. R. S. Woodward says; 
** Geology illustrates better than any other 
sdence, probably, the wide ramifications and 
^ .dose inter-relations of ph 3 rBical . pl^ 
nbmeha. There is scarcely a ptpce9% ff JS 
]^odudt)^ev a principle in the whole ran^ of 
j^iydod science# from physics and chenbs^ 
im to adxonmn^ and astrophysics^ wh^ :^ 
tcIcAvfidlyr m its uniqnenes^ 
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pro(pre» on the earthy or by actual records 
preserved in her cnu^t. The' earth is tluis 
at once the grandest of laboratories and the 
grandest of museums available to man.” 

Another idea which seems useful i^hat 
of aulhsciencea, as distinguished from lipecM 
Sciences. Let us explain with reference to 
Biology, (i.) A general or fundamental 
science is distinguished partly by its subject* 
matter, e. g. living organisms; mid partly by 
its point of view, which, in the case of Biology, 
for instance, is not the physico-chemical 
point of view. A general sciencis has a well- 
defined subject&atter to which it applies 
characteristic methods and concepts, jhir- 
thermore, it is concerned with general questions 
and not with particular descriptions. Biology 
is concerned with what is common to all living 
creatures, and with averages, not individuals. 

(ii.) But under the rubric of Biology we have 
the special, particulate, or derivative sciences 
of: Botany and Zoology, which divide the 
world of organisms between them and are 
both concerned with particular description as 
wdU. as witii general formulation. It might 
also be convenient to have a special scimae 
of Protistology for the minute and^ simple 
•oigap^ns .which seem to hesitate between 
|dW j^d.. fUEunc^ life. And, otheer q>eaia^ 
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(iii.) ]|ttt within the general science of 
Biol<^ leveral quite different questions are 
asked) ahd the answers to tibese are the sub* 
sciences.: The questions that the biologist 
mui^ ask and answer before he can go far in 
gene^ization appear at first sight to be very 
numerous and varied, but, from a certain 
distance, we see that there are only four: 
What is this living creature as regards form 
and structure ? How does it work ? Whence 
him it arisen ? How has it come to be as it is ? 
‘ (1) What is this in form and structure, 
in symmet^ and internal ^chitecture t It 
seems a “ simple question,’^but how hard to 
answer, as we press it farther and farther 
home, as we pass from external features to 
internal structure, from organs to tissues, 
from tissues to cells, as we put one lens after 
another in front of our own, as we call to our 
aid all sorts of devices—scalpel and forceps, 
razor and microtome, fixative and stain! 
** What is this,” we say, “ in itself and in all 
its parts ? what is ttds by itself and when 
compared with its fellows and kindred ? ” 
and our answer broadens and deepens till it 
famishes the raw materials of the sub-scimce 
of morphology. 

(2) Qosoupon the first question—Wh^ is 
^his ? th^ rises a sroond—^How does’this 
woldE'T ** it is'i^ually natural and necessh^, 
and throughout the |^>gpre8sive periods hi 
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lu$toi7 ol Bidlogy the two questions have 
n^eir heen to apart. They have evolved 
together, especially during the last hundred 
years, prompting one another to a m<we and 
more penetrating inquisitiveness. The^ey* 
word ol the one is structure, or organization; 
the key-word of the other is function, or 
activity. The creature which our first ques¬ 
tion killed and picked to pieces has to be put 
together again and made to work I What does 
it do ? how does it do it ? how does it go ? 
how does it keep agoing ? how^does it set 
c^her creatures Ijke itself agoing ? how long 
can it go ? how does it cease Jbrom gcfing ? 
Ih other words, how does the organism feel 
and move ? how does it grow and multiply ? 
how, does it waste, recover itself, and finally, 
in most cases, die ? Above all, what is the 
secret of its activity- and of its power of 
effective response to the changeful order of 
nature ? ’* {Darwinism and Human Life, 
1^9, p. 8.) ^e attempts to answer these ctnd 
sdimfiar questions have made the science of 
][^hy$ioiogy. 

Physiology is the science of the activity dl 
oigauisms. It is the study of the working 
of . .ll^g things. It cdisid^ phuita and 
aaspnsl^jBnd man in their dyoatoe rdatio^i i 
eonsidere tl]^: 8tatifla%if‘ 
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struetiBKl And tlie ty^o sister sciences gd 
hand iii hand, for just as taking a leatch t6 
jiieces is hot very intelligent unless We inquire 
into the Working of the various parts, and just 
as wq cannot understand how the watohi 
“goes” unless we know its structure inti* 
mately, so anatomy and physiology must 
always be closely linked together. 

There has been a close parallelism in the 
lustory of the two sciences. The morphologist 
began with the form of the intact organism^ 
and passed jp succession to the various organic, 
their component tissues, Hfieir component 
cells,‘and, finally, to the structure of living 
matter itself. So the physiologist investigates 
We OT activity at different levels, passing from 
hiis study of the living creattire as a unity 
with certain habits, to consider it as an engine ^ 
of organs, as an intricate web of tissues, as a 
veritable community of cells, and, finally, as 
a whirlpool of living matter. 

(8) The third question—Whence is this ? is 
rifefdly double, for we may inquire into the 
development of the individual (Embryology) 
(W into the history of the race as it is hidden 
ip the strange graveyards of the buried past, ’ 
tW foss^'be^ng rocks (Palseontology). Since 
iBiw InAh hkto^ or genetic inquid^ 
tlbe>o^)^dealing with individual deVelopUiel^; 

> dio ot^^ with rhdal^ evuNj^A* 

itr w bw 
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Wfflrd like “ g«aeol<^ ” (altering a letter in 
gmealogy) to cover them both. 

(4) l^ere remains a fourth question, since 
Dare’s day asked with a new hopefulness— 
Hof have these living creatures com^o be 
as they ate ? What are the originative and 
what the directive factors in evolution ? How 
has the raw material of progress, which we call 
variati<m8, been made available throughout 
the coimtless ages ? and how has this raw 
material been fashioned to shape and use in 
improved adaptations and endless new depar¬ 
tures 7 The at^mpts to answer these and 
similar questions are laying the foundation- 
stcmes of the young sub-science of Etiology, 
The primary sub-sciences of Biology are 
thus foxir:— 

Moiphology, the study of static relations, of 
form and structure. 

Physiology, the study of dynamic relations, 
of habit and function. 

Geneology, the study of development or 
; of incUvidual becoming (Embryology), or 
. of the rodc-recorded facts of racial history 

(Palseontology). 

(/^ioi<^, the stu^ of the factors in racial 
, .eyoltttion. ^ 

‘ = s * . 

these 
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Qr meth(tU of the speciid sciences of Botany 
and2Iool|gy. 

J Bcoiaot 

< 5 

i Oiuboiaot 

For purposes of convenience it seems well 
to retain the term “ Applied Science ” for 
any department of a “ Special Science ” which 
has directly to do with the arts and crafts* 
Thus, to take a familiar illustration, a great 
part of “Tdedical Scienc^” is “ Applied 
Science ” definitely orientated in relation to the 
art of healing* This “ Medical Science ” is, or 
may be, just as scientific as anything else; it 
is so in direct proportion to the soundness 
of its foimdations in Anatomy, Physiology, 
Biology, Chemistry, and the like, and in direct 
proportion to its own scientific industry, but 
not even its most enthusiastic devotees will 
maintain that it aims directly at adding to 
the sciences on which it is based. It does so 
illustrioudy, it is true, but incidentally, and it 
iaia fine example of what we may legitimately 
call an ** Applied Science.'* 

. Another v^ dear example is " Agrieulturid 
S^nc^" which is orientated in Mlation to 
farming, gardening, shepherding, and the liliai 
It i3K. ot ‘iney; be, just as sdentifie as any oiliai 
it «ia. so ki ^direct prqpoi#ENlivtA 
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the sotmdiwss o^ its scMMtific ioundirtioits ih 

^eaiUBfe^, Botenyi Zoology^ Geologyj ffidegy^ 
tod the like, and in direct prdpottion td its 
o!wn sdentifio industry, but not even itstoost 
enthusiastic devotees will maintain t^t it 
aitas directly at adding to the scien^s on 
winch it is based. It has begun to repay its 
debts; but not deliberately. It is a 
example of an “Applied Science.” 

Many other examples might be given, such 
as the Science of Education and the Science ol 
Engineering, both of which appear to us to be 
“Applied Scien^,” intermediate between a 
genaral or a particulate science (a ‘‘piuo 
Science ”) on the one hand and one of the 
Arts or Crafts on the other. Their obviously 
distinctive feattne is that they contain a 
large body of knowledge definitely orientated 
towards a practical purpose. 

' Tkb Interest of the Classification o» 
THE Sciences. —^It may seem to some that, 
for a small book of this sort, too much space 
has been given to a very “ academic ■* ques- 
ti(nt,i‘^~that of the classification of the sdences. 
Bat may we briefly indicate its real intei^l 
(4) Farhaps it does not matter vary msaii 
'Wlyh^ ilaa^catioa is adopted, the hnpmrtaHt 


HdiHe has' made' one’s o1to.>icIt 
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t]yiikiag4^^^a vividly real stdi^e 
or map |jl knowledge is to hav6 a sort of 
IMiilosoplier’s Stone. It adds to the value ol 
our. kno\fledge by always suggesting int«* 
relations and by serving as a test of complete^ 
ness wdi consistency. We all need to be 
constantly reminded of Plato’s' demand that 
' tite true lover of science shall be interested in 
tiie whole of his subject. 

■ JUb) The second great interest of the elassi* 
fieation of the sciences is that it raises the 
largest and deepest questions. Willy-nilly 
it express^ a Philosophy^ Its boundary¬ 
lines express our conclusions as to the auton¬ 
omy or the 'dependence of Biology and ol 
Psychology, our decisions on the difficult 
questions of Vitalism and Materialism. It 
is not a matter of indifference wh^h^ 
Sociology should be reckoned as a general 
science (Comte) or as a branch of Biology 
(Pearscm). It is not by a misprint that we 
have placed Metaphysics beside Mathematics 
as an Abstract Science. 

As we think over the conffieting dassificat 
thsae of the sciences, we see that, a freqqei^ 
cause 0 ^ confusion 1^ been the 
map'Oi^ itendtqries as preserves of pa^onbii 

a ■wrong.idea of ;liii 
constiWtIcm ofarscience,, whi^ is 


SttbjeeNnatter»« but^ 



118 INmO0UCTION TO SCIENCB 

matteF. . Two soifncea may work and often 
do work at the same material»-—but with 
different ends in view, with different funda¬ 
mental concepts^ and with methods different 
in detail. 

Let us illustrate. An anthropoloj^s^^ may 
work for years at a particular societary form, 
and yet his results may be contributions to 
biology rather than to sociology. A psycholo¬ 
gist may devote himself to the study of cats 
and dogs, and yet his results may not be 
contributions to biology in the stricter sense. 
A physicist may^ve persistent and profitable 
attention to the electrical changes associated 
with contracting muscle, and yet though he is 
in a sense dealing with organisms £dl the time, 
his results may be contributions to physics 
rather than to biology. Similarly, the 
chemist, for purposes of his own, may give 
his life to the study of the odoriferous sub¬ 
stances in flowers, and yet never ask one 
biolojpcal question. 

The C0BBE1.AT10N OF THE Sciences.!— 
From the classification of the sciences and 
sub-sciences we turn with a feeling of rdlief 
to the idea of their Unity. Blocked apart 
practical convenience, treated of tin 
separate books, expounded by different 
t^chi^ investigated in different labcsmtowmi 
laterally partsoloaedism^M^ 
m#h^^taJttempta^ vmUt 
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ol^—li^er to solve—tl^e one great prob- 
l«n of tile Ch^er of Nature. They fdrm, ot 
S hould one body of truth, and they gata 
in value the more they are correlated. Biis 
is the ideal alike of the Philosopher’s Stbne^ 
of the Encyclop»dia, of the University, and 
of' the most modem scientific synthesis. Let 
us briefly consider it from various points of 
view. 

When we think of a living creature with 
vividness, several major impressions stand 
out clearly ^in the mind. In the first place, 
the organism is a unity* It ^ many 
members, buj| one body; many activities, but 
one life. It develops and grows and varies 
and acts as a unity. Therefore, we feel sure 
that while it has to be made the subject of 
many different sciences,—^anatomy, phyri* 
ology, embryology, not to speak of chemistr]^ 
and physics, and not forgetting psychology; 
the scientific tmth about the living creature 
cannot be reached unless the results of the 
various scientific inquiries are pooled, and 
unless the fundamental fact of the unity of the 
brgani^'is recognized. 

.. In the second place, tiie living creituid 
oannt^ be isolated or studied tn 
^iiai an ^inanimate environment fimn wM^ifc; 
%i >seieiitidcA^ and it 

" ttii#ilii ^tetthe lives of many oUteS^ufci^iraH 

‘'jUMS'^'to^cbine'.neanr- kndn'h^': 
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about Hving |^eeature, we must study it 
its inter-relations.' But that'involves the 
convergence of many sciences, which ap|H*oach 
their ideal completeness in proportion as 
they are correlated. 

the third place, we have to bear iifmind 
that the living creature is passing by as One 
of a great historical pageant. It is an heir 
of the ages, only to be understood as the 
resultant of numberless factors—^mechanical, 
chemical, physical, and animate—^which have 
gone to its shaping. It has gathered into 
itac^ the sunshiny, and haar, the v^d and the 
rain of millennia. It requires a unity pf the 
sciences if it is to be understood. Nor is it 
merely a passer-by in a great procession, 
which we can study all too briefly before the 
torch it carries goes out and it fades away, it 
is an individuiflized phase in the ceaseless 
circulfition of matter and energy. To change 
the metaphor again, it is. a wUrlpod in the 
riv«r of time. All of which m«^es us feel 
that the sciences are most scientific when they 
ater most united. The higher the subject 
the scale of being the more obvious this is, 
for lien most of i^, but even in r^^ard to the 
non-hv^ ,the inter-relatedness ol tlubgs 
e^ee n :ttnificati<Hi. of sdmces necessm^' 
instsmc^ can undendand 
itis^hving 

:ireiy d^ thMbo irit]! lifci 

\ '-I - ' ';V' 
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The idek which we wish illustrate is very 
plain whfn we think of some big problem 
such as the physiol<^ of marine orgmiisms— 
and the ^ improvement of fisheries as ah 
application of this. The only hope of getting 
towards an understanding of such a subject 
is through the combined efforts of chemist 
and physicist, botanist and zoologist, meteor- 
olf^st and geographer. 

Worthy of note in this connection- is the 
unthought-out objection which some iiltra- 
conservative educationists bring against geo¬ 
graphy, that it is not a >^ll-de^ed single 
science, but a combination of many sciences 
for a particular pmpose. The description 
is correct that Geography is a circle cutting 
many other circles, but this is -precisely its 
peculiar scientific merit and virtue, that it 
expresses a unification or synthesis of comple¬ 
mentary disciplines. ; 

Our intellectual outlook on the world 
depends on our scientific culture, and iis value 
must vary with the all-roundness and with 
the correlatioi^ of difierent scientific disciplineSi 
Just as it takes many different rays of light 
to‘make, sunshine, so it takes many different 
Spences to give that synthetic view whidh vea 
caH' Ss^ty. T&us we stand in unwear;^^'^ 
in^haun^n ^bdfesre Goethe because his ohtldiiin 
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It is to pretend that the outlook on 
the order of nature which becomes habitual 
to the student of mechanics has nothing to 
gain from* let us say, the very different im> 
pressions that reward those who devote 
themselves to comparative psychology. It 
savours of what we may call scientific Chau* 
vinism to maintain that physico-chemical 
interpretations, when they go to the formation 
of oiur outlook on Nature, require no correct¬ 
ive from the biological, mental, and social 
sdlences. It requires a long-necked observer 
to see the whole ^rmament out of &ne window. 

We know how chemistry assists in physio- 
logicfd inquiry; showing how this and that 
diemical process occurs in the body, here an 
oxidation and there a reduction, now a 
l^drolysis and again a fermentation, thereby 
bringing into stronger relief the co-ordination 
and control of all these, which is distinctively 
vital. But we have also to notice how 
physiology assists chemistry,—a noteworthy 
instonce being the physiological discovery of 
oxygen by Mayow (1674) a century before, 
the element was chemically isolated. 

The point that we wish to get perfectly, 
dear is, this, that the same phenmnenop; ippy 
be .considered without ii^evancy .ini4er 
cnyeraisciences. Thus when wee^oy 
aksatese, tWe are chemieali physic 
Isigieah Mi<i pi^ehdogieal iff^lein»;inydt«& 
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At least l<|iir sciences have something to say, 
and what^ must be realized is that while 
these sciences are separated off for purposes 
of human'convenience, because they pursue 
different methods, use different tools, sum up 
in different kinds of formulse, they are simply 
different modes of one rational inquiry. 

Summary. —The classification of the sciences 
is in detail a matter of conveniencSt hut it is of 
great 'practical importance to have in the mind 
some clear map of knowledge. The broad UneS 
of the classi^cation depend upon our sdentifid 
and philosophical conviction^ e.g. as to (he 
independence oj Biology and the separateness of 
Psychology from Physiology. It seems useful to 
separate, first of all, the abstract sciences which 
are “ methodological,” from the concrete sciences 
which deal with the facts of eccperience. The 
fundamental abstract science is Mathematics, 
and we would regard Metaphysics as supreme 
in the same division. The five great concrete 
"^sciences, which may also be called descriptive 
or eatpf^ential, are: Chemistry, Physics, 
Biology, Psychology, and Sociology. Within 
these there are sub-sdenees,—ttius Biology is’ 
divisible into Morphology, Physiology, Gene¬ 
alogy (i e. JEhnbryology and Palaeontology) aml- 
EUology. Dependent on the five generalseienes0^ 
OSS ' w numerous derivative or partieuidt^ 
' seimbssf such as Bota*^ and' Zoolo0. 
we eompleee m sywStttfici 
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several sciences on one subject: Geology and 
Geography are good examples* The term 
“ applied science ” is convenienUy used for 
those departments of general or special sciences 
which have^ directly to do with the development 
and evolution of human life^ or the arts and 
crafts.^ It is a matter for discussion whether 
there is only one science of Nature or whether it 
is truer to say that there are several^ hut all are 
agreed that the value and the progressiveness of 
the sciences depends in part on the degree of 
their correlaiion. 



CHAPTER V 

SCIENCE AND PHILOSOPHY 

“ Trutti is on a curve whose asymptote our, 
spirit follows eternally.”— ^Leo Ebresa. > 

The AimB of Science and Philosophy—TVofeld BelatlO)il 
between Sclhnce and Philosophy—limitations of ^ 
Scientific Account of Things—iTTOlemB before which 
Science and ^ilosophy Meet—Origin of Living Cres« 
tures upon the l^rtii—The Secret of the Orranism— 

' An Illustration—^The Soul and Body Problem—A 
Question—Summary. 

The Aims of Science and Philosophy.— 
In this little book we have emphasized the 
view of many modern thinkers, that it is the 
chief business of the experimental sciences, 
•whether physical or psychical, to discover 
“ descriptive formulae by the aid of which the 
various processes which make up the physical 
and psychical orders may be depicted and 
caleula^.” The aim of science is descriptive 
fcatnulation i let us ask of the philosophers how.. 
their inquiry is reUted to ours. 
ftd. A. E. Tayl<w» to whose 

t bwe a debt of obligation iflim 
i : gratefully iu$knoiriedge^ 
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difiference between Sei^ce and Philosophy as 
fidlows:— 

** The work of the Philosophy of Nature and 
of Mind only begins where that of the experi¬ 
mental sciences leaves off. Its data are not 
particular facts, as directly amassed by'experi- 
ment and observation, but the hypotheses 
used by experimental science for the co¬ 
ordination and description of those facts 
And it examines these hypotheses, not with 
the object of modifying their structure so as 
to include new facts, or to include the old 
facts in a simpler form, but pmely for the 
purpose of estimating their value as an 
account of ultimately real existence. Whether 
the hypotheses are adequate as implemOntf 
for the calculation of natural processes is a 
question which Philosophy, when it under¬ 
stands its place, leaves entirely to the special 
sciences; whether they can claim to be more 
than useful formulae for calculation, «. e. 
whether they give us knowledge of ultimate^ 
Reality, is a problem which can only be dealt 
with by the science which systematically 
analyst the meaning of reality, i. e. by 
Metaphysics. We may perhaps folldw the 
vBiage of some recent writers in marking this 
chtference of object by a difference in termin- 
ciibg^, i^d say. that the goal 6f experhneiital 
sdieMse 'ijie Die^ittabn of ‘faefe, thfe 

Hieh^ Rxtcifp^etatlo!ii. ®&e^ 
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difference o| aim is, however, not ultimate.; 
Description of facts, when once we cease to be 
content with such description as will subserve 
the purpos<$ of calculation and call for de¬ 
scription of the fact as it really is, of itsdf 
becomes metaphysical interpretation.” 

We have seen that one of the aims of science 
is to distinguish what “ seems ” from what 
“ is,” and to do so generally, not particularly, 
is the chief task of metaphysics. ” Meta¬ 
physics sets itself more systematically and 
universally than any other sciepce, to ask 
what, after ftU, is meant by being real, and 
to whaj; degree our various sc^ntific and non- 
scientific theoHes about the world are in 
harmony with the universal characteristics of 
real existence. Hence, Metaphysics has been 
called ** an attempt to become aware of and to 
doubt all preconceptions ”; and again, ” an 
imusually resolute effort to think con¬ 
sistently.” 

• Something is always going wrong, however, 
when the boundaries between different dis¬ 
ciplines begin to appear static, like stone 
widls. The various disciplines are like ^the 
functions of an organism, which work ipt% 
one anpthi^’s hands, being complementar^y;^^^ 
i^gConTholing is simply a device, p^ of 
inl;^lectp4, ^visiop ,pf labour. Science 
.i^^i|ed;uat ipqiiiry yrttb de^te purpo^<^^^ 



»8a 

0ii4 l«qpt9jt|ont8, A«, t^t 

jQC:.j|9t^V^uivi]3g; i^^^ t^e $igl4fio^c^ 

o< its resfulis* But it stmii^.^ ito 
joade leash^' - 

. Bet us take «d e3;»m{4e. . It is t^ busine^ 
e|. the zoological evolutionist to discc^ger what 
he can in regard to the actual histo^ of the 
various races of animals. He has to discover, 
fo¥ instance, if he <!an, the pedigree of Mam¬ 
mals. But his task does not end there, he has 
to: inquire into the factors operative in this 
evolution—^arguing back from what is known 
of the laws of variation and heredity, selection 
and isolation. But the more complete his 
description becomes, the mor& inevitably, as 
it seems to us, is he led towards reflection on 
the evolution of Mammals as a particular 
chapter in a great book. It cannot be tom 
out and understood by itself. It came about 
after preparations that we dimly descry b^ng 
made in the mist of millions of years ago. 
|t came about in a natural, predetermined^ 
fashion, and at a particular stage in the hiato^ 
Cf'Other things, such as the Earth: itae^f. 
Ifmeovor, it was part of the preparatiou for 
.l^e Supreme Mammal—^Man himself. Ihe 
...eTPlution of Mununcds, alpng wj^ th>e .iui|^ 
it vas' 
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Twt>Fox4 Relation between Science and 
PmLOsoFsnir.—(l) Those who take life easily, 
sailing their intellectual craft in the lea of 
their particular shore of well-ascertained fact, 
are apt to see things in the clearness of a false 
simplicity. Science has come to know, they 
tdl us, the ins and outs of the stuff the world 
is made of—Matter, which is built up of 
molecules, which are composed of atoms, 
which consist of corpuscles or electrons. 
And Science has also come to know, they tell 
m, the power that is resident in the world— 
Energy, whbse measure is Force. It is a 
power .of doing work, which is always passing 
from form to* form without any loss any 
gain. Give us Matter and Energy, they say, 
and we will make a world out of them. Just 
as the chemist can build up urea an^d sugar 
and indigo from simple substances, so' Nature 
long ago, in some unknown hotbed, made a 
synthesis of proteids which combined to form 
'' amall viable organisms. These multiplied, 
and spread themselves, and varied under the 
fitimiili of new surroundings. Given Varia- 

i tions and plenty of time. Selection and ls<da- 
tion can do the rest. And just as conscious* 
ness emerges at an imcertain stage in the 
deVelbpm^t of the individual egg'^cell, fo 
ii]^ the history of anim al organisms there wjM 
mi evtAution of mind. Now, far be it from ua 
to c&y that there is. not considerable truth'ln 
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this description of what may have occurred, 
but it is certainly far too facile and easy-going. 
It slurs over gigantic dif&culties and abounds 
in equally large assmnptions. It may be 
criticized first scientificaUy, and that is well; 
what remains may then be criticized philo¬ 
sophically, which is, for developing a fit and 
proper frame of mind, still better. 

Now we have in Metaphysics a critical 
discipline in consistent thinking; it has an 
ideal of complete explanation; and it is able 
to test scientific theories with reference to this 
ideal formal st^dard. In this Sense Meta¬ 
physics functions as a sublime Logic, testing 
the completeness and consist%ncy of our 
scientific descriptions, whether of things as 
they are, or of the way in which they have 
come to be, and it is desirable for the sake of 
Science that it should be used. The account 
that a Science gives of part of the world must 
be not only self-consistent, and congruent with 
the resxilts of other sciences, it must also 
submit to the formal requirements of meta¬ 
physics. ThU criticism of categories and 
systemaiixations is the chief service that Meta>^ 
phffsies has to render to sdenee. 

.. i&(«n this point of view. Philosophy has- 
been called ** scientia scientiarum a 
s<depce 'which determines the prmciples apd 
CCiu^tioiM^ th^ .linpts and relariohs of ihe 
But to chum vigcrops object 
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tions hftW been raised. For it is the strong 
opinion of many who have made great can- 
tributions' to science, that the scientific 
investigator has no right to waive the responsi^ 
bility of determining “ the principles and 
conditions, the limits and relations, of the 
sciences.” If he cannot determine these, 
who can ? Now it may be that the definition 
quoted is an unfortunate one, and the objec* 
tion not without justification, but the import¬ 
ant point is this, that the categories and 
systematizations of science should be criticized, 

; and this requires expert traii^g. It can only 
’ be done by a philosopher to whom the scientific 
discipline is real, or by a scientific investigator 
to whom the philosophical discipline is real. 
But it has to be done. 

When a well-thought-out scientific exposition 
I, disturbs the reader’s preconceptions, or takes 
^ him beyond his usual depth of analysis, he has 
I his revenge in dubbing it “metaphysical.” 
f But this is an ignorant sneer, if metaphysics 
; means “ the critical and systematic aneJysis 
; of our conceptions.” It is an intellectual 
discipline, an actively sceptical inquiry, a! 

' criticism of categories—^and it may be rank^ 

; beside Mathematics and Logic in the general 
I scheme of knowledge. , 

>(2) The various sciences supj^ly^ |»rtM 
[ ji^tures of the world—^pictures- tc^en -frdfn 
: 4hftoent jp<Hhts of view. It is for metaphy^i^ 

i ■'« a ■ 
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to ooinl^e these pictures, not as one makes ft 
composite photograph by placing one print on 
the top of another, but ra&er as one combines 
two views in a stereoscope. In its eonsftticricie 
ftmcUen metaphysics aims at an i^-round and 
ccmsistent view of the whole system, "and it 
reaches this, or should reach this, not in an 
a priori fashion, but by taking account of the 
raw material which the sciences furnish. In 
thio way Science contributes to Metaphysics. 

If Metaphysics does not intrude into the 
proivinoe any particular science, and S it 
is not another ^ame for a synthesis of the 
scien<^, what is its province ? ^ All thinking 
has to do with facts of experien^ce, and these 
form the subject-matter of the sciences. 
Where, then, does Metaphysics come in f The 
answCT that will suffice for .our purpose in this 
v<dume is simple enough: that Metaphysics 
sedcs to discover the general conditions of 
gi'ring a complete and consistent formulaticm 
dl'Oxp^ence —& formulation which has its 
foundations in the sciences, but transcends 
them in an attempt to answer impious ques* 
tions which Science does not even ask. 

' FcT' most men it is quite impossible to 
remain mti:ffied with the systeinatio v de^ 
s(ffiptk>ns which sdence supplieisi, they have to 
gtx^to^feom some cdi^nt Oonoepriem of 
tha thk^ to^whielir the^ fodoii^^^ 

misesiaaMy 
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physical. it seems good sense that they 

should try to 4 q this consciously and not at 
random, using the experience of the ancient 
science of mental construction whose founda¬ 
tions were laid by Aristotle. Science brings 
in great wealth of raw material, but the 
arctdtectmal genius must be sought in 
Philosophy. 

Limitations of the Scientific Account 
OF Things.' —^The plain man’s question is, 
Can you give an accoimt of this ? What is 
this modem modesty of science, that it does 
not preten(Pto explain anyt]|^ng ? Can you 
give an account of these phenomena or can 
you not ? Let us consider the limitations of 
the scientific account of things. 

Science shows, often after much study, that 
a certain collocation of antecedents and no 
other will result in a certain collocation of 
consequents and no other. But the con-, 
sequents are often very different from the 
' antecedents, and we cannot say that we know 
how they come about. Even in an exact 
science like Chemistry this limitation ot 
scientific description is well illustratedf; -W6 
know that oxygen and hydrogen unite under 
certain conditions to form something quaii*^. 
tatively very different from either <4 them,) 
via. water, but we4o not know how it is thai^, 
water resi^^; Even in moreeomidex caaes^ 
know the; ci^ditioinr of ,Uie combinntioii, aad^ 
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we ,have ingenious theories as to how the 
eloonents involved change partners and form 
new linkages, but we do not really understand 
how the resist should be as it is. Still less 
can we predict what will ensue from the 
previously untried combination of two’ highly 
complex substances. It is like an untried 
experiment in Heredity. 

It comes to this: that the only cases in which 
we can say that our scientific accoimt is com¬ 
plete and absolutely satisfactory, are cases of 
mechanics—^most beautifully in Gravitational 
Astronomy—^wljere the resultant Is just a new 
form of the components. Then only can we 
say with a clear intellectual conscience, Causa 
sequat efiectum.” Science is continually 
showing that one particular collocation of 
matter and energy passes into another, but 
when the chains of sequence that it chronicles 
are intricate it is no longer plain that the 
resultant must be as it is and not otherwise. 

Again, the terms of scientific interpretations * 
aarc . not self-explanatory. The biologist’s 
cheque are backed by “ Organism,” “ Proto- 
pla«n»” ” Heredity,” and so on, and no one 
aqn suppose that these are self-explanatory 
terpos. 3ome term of Uus sort may be an 
absolutely necesirary postulate in Biology, 
but it obviously means .starting vritb a great 
deal “^^givemf’ And when, we to ■ 

enact »ri«noes»: and find bashed 
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Gravitation!** “ Chemical Affinity,” and so 
on, we must again recognize that a good deal 
IS taken as ‘‘ given.** 

It'may be said, however, that these terms 
of description are continually undergoing a 
proces# of simplification, and that is true. 
‘‘Heat” and “Light” have yielded to 
simplifying analysis; perhaps “ Chemical 
Affinity ” is at present yielding; perhaps the 
physicist may some day discover the true 
inwardness of Gravitation, and be able to 
tell us wh^ really happens in the invisible 
world when the apple falls^n the orchard. 
It is the aim pf Science to reduce the number 
of absolutely necessary concepts, but it does 
not in so doing make those that remain any 
simpler. “ Matter ” and “ Energy ’* or other 
terms of the same order of magnitude are 
always, as it were, expanding as others are 
forced into them, and remain as fundamental 
terms which are not self-explanatory. 

Taking “matter,” for instance, wffich has 
seemed to some the most trustworthy bed¬ 
rock on which to base their theoretical re¬ 
construction of the world, what a visionary 
thing it has become in the hands of modern 
physics. Hie founders of the molecular 
theory laid down the idea that each kind tii 
matter has its eharactcaristie kind of partielOf 
Dalton show^ that we must thin^ of thea^ 
mOIOctiles as^ btdlt up of'atoms; modem w<»]i 
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is suggesting that th^e may be a oammon 
basis for matter of all kinds, as if the different 
kinds of atoms consisted of different numbers 
of smaller corpuscles of the same kind. These 
are the negatively dectrified partides—^the 
corpuscles or electrons which all bodies give 
off under suitable treatment, such as raising 
to incandescence or exposure to ultra-violet 
light. The atom is now supposed to be built 
up of units of negative electricity and of an 
equal number of units of positive dectricity, 
of very much greater mass, the^ number of 
either kind beinc proportional to the atomic 
weight: and the whole system i% in a state of 
eqi^ibrium or of steady motion. 

We must understand, however, that this 
dectrical theory of matter is far beyond 
verification, that it makes big assumptions, 
and that it leaves many difficulties. Prof. 
Poynting writes in regard to it: ” The ehief 
value of such a hypothesis lies, not in its ob- 
i^ive truth, but in its success in accounting 
for, in co-ordinating, what we actually observe, 
and in predictmg results which are afterwards 
verified.. It is to be regarded as a * working 
model ’ which gives the same results as the 
a^al atom, though, it may be, by quite 
different machinery.”^ 

$o t^at; after all, t^e theory 6f the eledrfo 
deet not do ffi^e -ti^m reptt^t^i^e 
unknown reality in n|faithffdfjif syfftbd^ 
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matter. It a working thought-model. 
But how fa^ we are getting from the old 
**matter” oji the naiVe materialists. And 
yet the difficulties have only begun, for the 
matter of physical analysis is an abstraction, 
whereas the matter of our direct experience 
is in certain conditions the physical basis of 
” life ” and the home of the “ soul.” And 
beyond this there is the philosophical aspect 
of the problem of matter. 

As in its analytic so in its historical treat¬ 
ment of things Science must confess its 
limitation!^ It begins, not at the beginning 
—^that is impossible, but ^rom something 
“ given,” which it does not explain, which in 
the last resource it cannot explain. From 
this something given—say primitive Amoebse 
—^much seems to have been evolved, and 
Biology seeks to discover both the stages and 
the operative factors in the evolution. But 
if the primitive Amoebse gave rise “ in the 
natural course of events ” to higher organ¬ 
isms, and these to higher, until there emerged 
the supreme Mamm^, who by and by had a. 
theory of it ^1, then the primitive Amoeb® 
which had in them the promise, and potency 
of idl this were very wonderful Amoebae indeed, 
lliere must have been more in them than 
met the eye I We must sj|;ook them with 
initiative ,at least. , We are taking a go^ 
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Finally, it must be recognized that the 
terms. of scientific descriptions in their 
higher reaches are “ conceptual formulae.” 
We speak glibly of “ Matter,” Energy,” 
“ Ether,” “ Atom,” and so on, but these are 
intellectual counters, rather than the realities 
theinselves. They are, so to speak, counter¬ 
foils or symbols of reality. We may well 
say of them what Hobbes said of words: 
” They are wise men’s counters, they do 
but reckon by them, but they are the money 
of fools.’? 

Yet we must not react too far from the 
realism of old-fai^oned Science ! For jifhile 
it is true that Science only gets at fractions of 
reality, and that it works with formulae and 
intellectual coimters, scientific conclusions 
are hone the less trustworthy indices of what 
does actually happen. Otherwise we could 
not use them as a basis for safe prophecy. 
No one knows what matter, gravitation, in¬ 
ertia* and so on, really are; but the established 
formulations which deal with them have 
certainly a close correspondence with reality. 
We need not do more than refer to the familiar, 
but aistouiiding fact that, given three good 
oha^ations of a comet, and we can prophesy 
with ahsplute c^ainty when it, barrini; 
accidents, return 1^, 

,,, '..AS®' 
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unsolved problems—^which give it part of its 
charm and interest, and there is no prospect 
of the supply running short. Some of these 
unsolved problems are scientific, and he is 
rash indeed who will call any of them in¬ 
soluble; Many of the insoluble problems of 
our forefathers have their solutions stated 
in our text-books, and Science is still very 
young. Moreover, some of the very difficult 
unsolved problems are already being nibbled 
at by scientific methods, which in itself is 
hopeful. 

Every one must admit, Ijpwever, that we 
are confronted with a number of problems in 
regard to which we find it difficult to think 
with clearness, and in regard to which we seem 
to make little progress. We refer to problems 
like that of the origin of living organisms upon 
the earth, or that of the living body as con¬ 
trasted with an inanimate system, or that of 
the relation of soul and body. In reference 
to those and similar problems Science has 
certain contributions to make, but these have 
tended to increase rather than lessen the 
difficulties of the situation. Thus it is much 
more difficult for us to believe in spontaneous 
generation than it was for Harvey; it is naupfii 
more* difficult for us to accept a mechaiustic 
physiology than it wi||*for Descartes. 

Now !n ‘ regard ti> these veiy_ dffi^C^t^ 
probletiis #e should 6t least kiioW vdtere 
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we stands and the scientific answer must be 
** Ignoramus.” In iN^gard to a problem like 
the origin of life the only scientifie position 
at present is one of agn(»ticism. For most 
minds, however, the consistently agnostic 
-position is difiicult. As scientific inquirers 
we piously adhere to it, but when we go out 
into the street we speculate with the best of 
them. We make hypotheses, the pros and 
cons of which can be discussed, and we pass 
insidiously from Science to Metaphysics. It 
is in the criticism of these hypothetical con¬ 
structions, which avowedly go beyond verifi¬ 
able science, th^ philosophical criticism is of 
great value. Let us say a little, then, in regard 
to two or three of the problems before which 
Science and Philosophy meet. 

Obioin of Liviko Creatures upon the 
Earth. —^In the volume on Evolution in this 
Library there is a brief discussion of this (fid¬ 
standing problem, to the solution of which we 
do not seem to be coming any nearer. We 
^ow that the hot Earth must have been 
ten^tless, that until it co<fied and consoli¬ 
dated it was quite unfit to be a home of life. 
But we do not know how living (wgatusms 
b^gi^ lo be upon'the earth. . / 

. cc^ to our eairtih 

ha4 they 
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.it have beeil, as Pfltiger and Verwom have 
suggested, that the cyanogen radi^ (CN) was 
.the startiiig-point of the proteid molecule 
which is an essential constituent of the physical 
of life t We cannot discuss the matter, 
but w^ must remember (1) that although the 
synthetic chemist can do wonders in building 
up complex things from simple things he has 
not yet come near the artificial synthesis of 
proteids; (2) that we are at a loss to suggest 
what in Nature’s laboratory of chemical 
synthesis—a somewhat hypothetical witch’s 
cauldron-^could take the place of the directive 
cheipist; and (3) that theJe is a great gap 
between mdking organic matter and making 
an organism. 

The origin of organisms upon the earth 
remains a riddle, and the most that we can say 
is, that the hypothesis of the evolution of the 
living from the not-living is in harmony with 
the general trend of evolutionary themy. If 
, it should become a tenable theory, the dignity 
and value of living creatures and of oxir own 
Ilife would not be in any way affected. On 
the, contrary, if the dust of the eartii did 
„ naturally give rise to living creatures, if t^y 
are in a reSl sense bom of her and the 
then the world becmncs more eoi^uipous 
^and -yitah^^^ ah tl|| inorganic groann^ and 
tmYnili»gvh?cpia#^l^ 

in ithis c<shajig^- a 
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passage from Prof. Lloyd Morgan’s Interpre¬ 
tation of Nature, which seems to us peculiarly 
useful in a little book like this. “It is true, 
and should be frankly admitted, that in the 
present state of natural knowledge the ante¬ 
cedent conditions of the genesis of protoplasm 
are unknown.” . . . But, “ those who would 
single out from among the multitudinous 
differentiations of an evolving universe this 
alone for special interposition would seem to 
do little honour to the Divinity they profess 
to serve. Theodore Parker gave expression 
to a broader and more reverent theelogy when 
he said; ‘ The universe, broad and deep and 
high, is a handful of dust which Gbd enchants. 
He is the mysterious magic which possesses * 
—-not protoplasm merely, but—‘ the world ’ ” 
(Lloyd Morgan, 1905, p. 77). 

How did living creatures begin to be upon 
the earth ? In point of Science, we do not 
knpw. We cherish the hypothesis, however, 
that living creatmes evolved from not-living 
matter upon the Earth. We do so mainly 
because we do not know of any better hypo¬ 
thesis, and because it conforms with our 
(metaphysical) ideal of continuity and witb. 
the gweral idea of evolutiop. But we are 
a|Wai^ $hat the hypothesis is beset with ;yery^ 
S!^Sj(^' smeptijSc di)^ultie^ «md .with npt lesi^ 
s$^(E^^p|i|il<^phica^ di|^f|dties. , , v --/ 

, .ipr... e h iampiis , 
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frcmi Hxixl^: If the fundamental pro* 
position of evolution is true, namely, that the 
entire worlds animate and inanimate, is the 
resiilt of the mutual interaction, according to 
definite laws, of forces possessed by the mble* 
cules which made up the primitive nebulosity 
of the universe; then it is no less certain that 
the present actual world reposed potentially 
in the cosmic vapour, and that an intelligence, 
if great enough, could from his knowledge of 
the properties of the molecules of that vapour 
have predicted the state of the fauna in Great 
Britain in*1888 with as much certitude as we 
say what will happen to tfie vapour of our 
breath on a*cold day in winter.” 

This very strong and confident statement 
appears to us to illustrate the need for philo¬ 
sophical criticism. As Bergson points out, it 
denies that time really counts; it also denies 
that organisms are more than mechanisms. 
It denies the creative individuality of the 
organism, which trades with time in an un¬ 
predictable way all its own. It may be right 
in these denials, but the points are arguable. 
McH*eover, the general idea of evolution does 
not warrant us in supposing that ihtelligeht 
behaViottr, for instance, “ reposed poteht^ly' 
in cosmic vapour ” and could be pi^iet^ 
,from h “^ khowIei^S^ of the p^pertie^ ^ 
molecules of thnt vii^ur**; for 
and the Ijlce ' ftte ^&b^ra<^ibni of‘p&^eal 
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science which, for the purposes of that science, 
may be treated as if they represented the whole 
of the recdity. The “ {nrimitive nebulosity 
of the universe ” was a reality which, for the 
purposes of physical science, would be analys- 
able into a whirling sea of molectiles, but that 
certainly cannot have been the whc4e truth 
about it if in it there reposed potentially the 
present actual world. To take an ani^ogy 
from development, there is no reason to believe 
that we should have exhausted the reality of a 
human ovum if we knew all about the proper* 
ties of its proteid molecules, nor th&t we could 
predict from thal^cnowledge whether the ovum 
would develop into a genius or a" fool. 

The Secret of the OROAmsM. —One of 
the boundary-lines which is prominent in 
modem eyes is that between the inanimate 
and the animate, the not-living and the 
living. We call the bulk of things we see 
“ purely physical ”; we call a minority 
** {diysical and vital.” We speak of this dis- 
tixK^ion as if it were self-evident, but we 
ipist not forget the panzoism of the savage 
the child, the poet and the philosopher. 
To the toT^iev the distinction is unknown ; 
by . the; it has been transcended. To 

s^l^ei^ple andtochUdren, notrKvingbodiM 
ami^tmiAs eliveas birds,jand even tibe mattfaN 

phiki^ 

_i ...c ^ ___‘ 
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commanding tod upbraiding, encoxiraging and 
condemning, ins ball or stone as if it vrere 
indeed a living creature. In spite of many 
resolute efforts on the part of philosophers and 
scientists idike—^the boundary-line between 
the living and the not-living remains, and 
seems likely to remain for long. As it is of 
some importance in our outlook, let us consider 
this distinction between plants, animals and 
persons on the one hand and ** mere things 
on the other. 

In the first place in regard to the inanimate, 
the purely^hysical order; we almost always 
know .what to expect from a i^one; it is among 
the living that the unexpected happens. 
There is absolute uniformity of response in 
the physical order; there is caprice and humour 
in the animate order. We cannot recognize 
either individuality or pmrposiveness in in¬ 
animate systems. It is true that there is 
a great deal of effective work done in the 
purely physical order. The sea sculptures the 
shore, the river cuts a deep channel in theroek> 
the glacier wears the moimtains smooth'—but 
what is done is mechanically detmmined by 
the external conditions, not by m&y fredy 
m<iving» purposive individuality.^ Ai^ whil# 
inaniiniato fib|e«t8' have a certain' powtf Mil ' 
reiponae to - external stimidi^ as the tooEi*' 
pi^dto toowa whaa a I^ted inateh'^is - 

tii» it^ i tbe |esp<nisei: dl; a hvihgi efe<U^ i 
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normal surroundings are of a higher order of 
efficiency, they mi^e for self-preservation and 
betterment. 

In discussing the characteristic features of 
living creatmres in the volume on Evolution, 
we have admitted that it is proiitable»to com¬ 
pare a living creature to a machine and a 
fertile method of discovery to press this com¬ 
parison to its farthest. “ Yet the living organ- 
' ism differs from any machine in its greater 
efficiency, and ... in being a self-stoking, 
self-repairing, self-preservative, self-adjusting, 
self-increasing, ^If-reproducing en^ne I And 
this also must be remembered in comparing a 
living creature with a machine, t*hat the latter 
is no ordinary sample of the inorganic world. 
It is an elaborated tool, an extended hand, 
and has inside of it a human thought. It is 
because of these qualities that highly complex 
machines come to be so like organisms. But 
' no machine profits by experience, nor trades 
with time as organisms do.” Only living 
dEeatures have a persistent unified behaviour, 
a power of profiting by experience, and a 
creative capacity as genuine agents. 

JBere, then, we have one of the gTdst , con¬ 
trasts in Nnture, between the purdy physi(^ 
(wder and the world of ^ or^^aiiisrns; - The 
scientifie qrMtm w^hdt the ctmoo]^ 
and!' thnt sfiffici^ for the desdrij^tton= 

tfetev!inai^lhic ■World' al^ ’snSSoient 'Idr 
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the descriptioa of vital functions and^nimate 
behaviour. The answer of the mechanistic 
school is “ Yes ”; all others say “ No,” but 
not always for the same reasons. 

We say “ No ” for the following reasons 

(1) There are many chemical and physical 
operations in a living body, but as a matter 
of fact no complete physico-chemical descrip¬ 
tion has yet been given of any distinctively 
vital activity. It has to be remembered that 
the most salient fact is the correlation 
and control of all the manifold chemical and 
physical processes so that a unified behaviour 
results. 

(2) It is no€ a conclusive argument, perhaps, 

but one of some weight, that if we have not 
yet succeeded in giving a physico-chemical 
description of a simple vital process, such as 
the passage of digested food from the ali¬ 
mentary canal into the blood, or the filtering 
of the blood by the kidney, we need not at 
present seriously concern ourselves in regard 
to the possibility of giving a physico-chemical 
description of growth, cyclical development, 
or every-day behaviour. If we think of 
development, for a moment,. wc cannot but 
fc^. tl)^ Uie questions which the facts raise 
se^ vi^ to receive answer r in 

tjN^ oif .mnriiiani«^ . How are^ the heeitidble^ 

^e sgepmiediiup^fotentu^ 
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gradually find expression in the individual 
- devdkjpment, so that what we call differen¬ 
tiation results ? What is the nature of the 
compelling necessity that mints and coins 
the chick out of a drop of living matter ? 
What is it that regulates the order^.progress 
which, by intricate and often strangely 
circuitous paths, leads to the fully-formed 
organism ? It is certainly wonderful the in- 
. dividual impacking of the racial treasure-box I 
(8) But the most satisfactory reason, per¬ 
haps, is the one referred to in the chapter on 
Scientific Method, that the resultS’of applying 
physico-chemical analysis to the activities 
of living creatures do not make these much 
more intelligible. They do not give us the 
• kind of answer that we want in omr endeavour 
to understand these creatures better. Their 
. development, their behaviour, and the corre¬ 
lation of their internal activities, cannot be 
understood except on the assumption that 
■ .they are historical beings—as Bergson has 
sd> well insisted. 


Here the scientific position, all too briefly 
indicaled, ends; but it is open, to the philo- 
sopl^ec to go farther. All that we haTe.8md 
is that the «mfs^|muistio ^cppsulal;^.^ 
,,ereeti^9ee doee net <usif^et the ,4M^tavdy 
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■Seiente and Philosophy of the Organism we 
have one of the finest recent illustrations of a 
welcome partnership of the two disciplines. 
-We need not attempt to discuss his strenuously 
thought-out theory of Vitalism, the point fmr 
us here is simply that after giving three 
scieni^iflc proofs that the mechanistic theory 
will not work, he goes on to a philosophical 
-construction—the conception of the Ente- 
lechy ”—^ immaterial autonomous fkctor 
which punctuates the transformations of 
energy that go on within the body. The 
** EntelecHy ” is the living 4 :reature’s inner¬ 
most’secret,, its directive soul, and whether 
Dr. Driesch has been successful or not, he has 
certainly been extraordinarily ingemous in 
evading the old criticism of crude views that 
-the insinuated immaterial factor, if it is to be 
effective, must invalidate physico-chemical 
laws. 

As an appendix to this brief discussion, we 
■wish to refer to the very strongly expressed 
conclusions of the most distinguished physicist 
of the age—^Ltod Kelvin. He was, inde^, no 
biologist, but the opinions hdid by one of his 
lateHhetual eminence claim our attrition. 
>'hne# how.far his Physics could go. 

.* ' *♦ Thb ?bhfy - contribution of dynlinri^^to 
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“The opening of a bud, the growth of a 
leaf, the astonishing devdopment of beauty in 
a flower, involve physicsQ operations which 
completed chemical science would leave as 
fat beyond our comprehension as the differ¬ 
ences between lead and iron, betweefti water 
and carbonic acid, between gravitation and 
magnetism, are at present. A tree contains 
more mystery of creative power than the 
stm, from which all its mechanical energy is 
borrowed. An earth without life, a sun, and 
countless stars, contain less wonder than that 
grain of mignonf^tte.” 

An InnusTKATioN. —^Let us „ select • some 
instance of animal behaviour and look at it 
from the mechanist and vitalist point of view. 
We take a vivid one—^the Migration of Eels, 
which has been recently discussed in this 
connection by Mr. E. S. Russell (“ Vitalism,” 
Rwista di Scienza, April 1911). It is a useful 
case, because the animal has a brain of a very 
low order, and we are not warranted in using 
in regard to it the psychological terms which 
~ are indispensable in the case of the more 
intelligent birds and mammals. 

:The eels of the whole of northern Europe 
probnldy begin their life belnw the 500-fathont 
lihe^ the Verge of the De^ Sea away to the 
west of'Ireland tuod sout^ward-^^'On ^ 
of th^. dark, earm, sifeat, pian«re^iNM<j^ 



SCIENCE AND PHILOSOPHY 151 

starts in life, and feeds and grows far below 
the Surface, but the early chapters of the life- 
history are still quite obscure, and do not at 
present concern us. It rises to the upper 
sunlit waters as a transparent, sideways 
flattened, knife-blade-like larva, about three 
inches in length, with no spot of colour except 
in its eyes. It lives for many months in 
this state—^known as a Leptocephaltts —ex¬ 
pending energy in gentle swimming, but 
taking no food. It subsists on itself, and 
becomes shorter and lighter, and cylindrical 
instead of flat. It is gradu^ly transformed 
into a.glass-eel, about two and a half inches 
long, like a* knitting-needle in girth. It 
moves towards the shores. After about a 
year it is one of a million elvers passing up one 
of our rivers—^in the wonderful eel-fare which 
is one of the sights of Spring. If it is not 
fortunate, it may take much more than a year 
to reach the feeding-ground—^those that 
ascend the rivers of the eastern Baltic have 
journeyed over three thousand miles. Even¬ 
tually, however, a large number do pass up 
the streams, and there is a long period of 
feeding and growing in the slow-flowing 
reaches and in fish-stocked ponds. There is 
aeyer any breeding in fresh water, but af^r' 
years xestlcssnesa seizes the wiidteiMr 
restlessness due .to a 
A nutsitiye mptiye, , ICItare 
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is an axcited return journey to the sea—> 
and they don wedding garments of idlver as 
they go, and become large of eye. They 
appear to migrate hundreds of u^es» often 
out info the Atlantic to the verge of the Deep 
Sea, where as far as we know the individuid 
life ends in giving rise to new lives. In no 
case, is th^e any return. 

We ask, then, what the Machine theory of 
Life can make of a story like this, and it is 
only a type of many. Let us keep to the second 
last chapter, the migration to the spawning- 
groimds. Like ^many other fishy’s, the eel 
requires specific conditions of deptl^ sidinity, 
mid temperature. The North oea will not 
serve, for it is too shallow; the Norwegian will 
not serve, for it is too cold. 

What can the physiology that is only applied 
physics and chemistry tell us ? It can tell 
us how the energy for the journey is obtained 
freon chonicsd explosions of reserve luaterial 
in the muscles of the ed’s taU. It can tdl 
us. some of the steps in the making of these 
mserye materials out of the eel’s food. It 
cuu teU us that the muscles are kept rhyth* 
BUCtJly <:uotracting by nervous 
so on for a whole volume^ and yet it doim>iu^ 
hf^. Uk h'* undUM^ai^ migpiitiou 
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inAtors, dk>es not make any dearer the inter* 
connection ofinQ these items into the single 
act of migration. Apply physico-chemical 
methods by all means, the resiilts are always 
interest, but the results are not tuefid in 
making •the biological fact of migration more 
intelligible. 

Let us linger over the illustration, for it 
is very instructive. As Russell says : “ The 
migration is, so to speak, a fact of a high^ 
order than any physical or chemical fact, 
although it is made up of an indefinitdy 
large ntunlSer of physical an^ chemical facts. 
To explain tbe fact one must accept it as a 
whole, not seek to conquer it by dividing it, 
for if one analyses it into its components one 
inevitably misses the bond of union. . . . 
To decompose the act of migration into an 
infinity of physico-chemical processes is to 
an infi:^ty of little partial views of the 
act, but what one needs for an explanation 
of the fact is a comprehensive view which 
will unite all the rdevant features of it into 
(me picture. To the chemist confronted with 
this problem there is no fact of miction at 
there k ouly an intricate enravdmont tit 
reaistiOn; to the biologist t^ fact of 
ilG^p^tion a. particular r^on fdr a partku-i 

hfrpUrpose ki cardhiai, and the dietaicd 
hiaikS^iiivblSrcd' hi*thc a<aioh are ui^igfljhfefr^-i 
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miration fails, is the vitalistic one any better ? 
Let us think of this for a little. The aim of 
biology is not to give ultimate explanations, 
but to render biological phenomena intellig-. 
ible; and that means to obtain general con¬ 
ceptions as to their nature. We explain a 
thing biologically when we relate it to some 
general fact or formula of living things. 

Therefore if pressed to make the story of 
the eel less of a curiosity, we should ask to 
be allowed to start with the concept of an 
organism with certain at present^ irreducible 
qualities—one o| the biggest of which is simply 
that it is on historical being. It js determined 
by the past—its own past and the past of 
its race. Its inheritance is a treasure-store 
of the ages. Non-living things have no his¬ 
tory in the biological sense. The hand of the 
past has left its impress on them, but the 
living hand of the past is on the organism 
for ever. In the organism, as Bergson says, 
the past is prolonged into the present. Thus 
we pass on to a new level of explanation or 
int^retation—^which is historicid. 

And whenever we mention that tha eel is 
one of a deep-sea race which has adventurpudy 
taken to colchizihg the fresh waters-^jtost ds 
the salnicm ia one of a freshwater race 
h^ t^E^^en to e3c|doit!ng ;''the sea, aiid noti^ 
fd^^that aidmMs in i^neral th'th^ 

Mthjplikse W hfr^fr^then^ a Mdpgidal' 



SCIENCE AND PHILO^OPHir US 

light begins be shed on the eel’s strange 
story. 

The “ Soun and Body ?? Pbobdeu.— 
one understands how living creatures began 
to be in pre-Cambrian ages in a lifeless woipld» 
and no pne understands the iimermost secret 
of .their activity. Similarly at a higher lev^d: 
No one understands how thinking creatures 
began to be, nor understands what the inner¬ 
most secret of thinking is. But just as the 
scientific inquirer has a contribution to make 
to the discussion of the origin of life and the 
autonomy 5)f the organism, so he has some¬ 
thing Jto say in regard to th^ perennial ques¬ 
tion of the relation between body and mind, 
a question which is, however, essentially 
metaphysical. 

The scientific contribution is threefold:— 

(a) In the first place, while we do not know 
p£ any trtmsitions between the not-living and 
the living, we have a long inclined plane or a 
long, series of steps connecting the very simple 
reactions of unicellular creatures with the 
intelligent behaviour of dogs and hordes, and 
eyen w^th the rational conduct of man.: 
in<^ed plane or this staircase is very iin- 
pressive^ and pimt have a bearing on 
general pyphicin.. There is a fascination ip, 
-«r^t ms^ b!e...qal}ed tbp beginnmgs, of 
hnyipur, iSostrafed ,]by aoipe of 
ia^ seem» 
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summed up ia a sentence.. They have only 
one. answer to every .question. To all sorts 
of stimuli they respond in the same way-<- 
by backing off, turning slightly on one side, 
and then going ahead again. They remind 
us'of a steamer in a river which oknodcs 
against a snag, reverses engines, alters its 
direction a little, and then steams ahead. 
This is surely the simplest kind of behaviour, 
where there is only one reaction. 

Slightly higher in the scale, but still very: 
shnple, is the behaviour of some Protozoa 
which have a jtiumber of reactidns or re* 
sponses to stimui, and seem to try one after 
the other until, it may be, one succeeds. 
We do not know how much lies concealed in 
that process of “ seeming to try.” We know 
that it is difierent from the experimenting 
of a scientist who tries various ways of solving 
a problem; we know that it is different from 
the experimenting of a burglar who triea 
which key in a bunch will open a particular- 
door; 'We know that it is different from, the 
experimenting of a dog trying to take a stidc 
w^h a hook^ handle through the <do8e*set / 
uprilght' bmrs of a fence; we know that it is. 
difteent .hrom the behaviour of earthworms 
trying various ways of transporting ^leavesi, 
to their ’burrows^ blit iel it not.4hef 



SC£E9Jde AND PtaiOSOPHY isr 

(6) In tl^ second pla^, the “genetic 
psy^ologist ** has much to tell us of the 
individual development of behaviour, of the 
gradual ^ergence of capacities of action—^ 
whether instinctive (involving apparently no ’ 
inference^, intelligent (involving apparently 
perceptu^ inference), or rational (involving' 
conceptual inference). Comparative child- 
study in the wide sense, zoological as well as * 
anthropological, has surely some bearing on 
the general question. 

(c) In the third place. Science has much to 
say in regard to the actual collation between 
the static anc^ the dynamic aspects, between 
structure and function. Complexity of brain 
structure is associated with very intelligent 
behaviour,' increase in the complexity of 
brain structure from year to year in the 
individual is associated with increased capa¬ 
city of intelligent behaviour; certain parts of 
the brain are correlated with certain kinds of 
behaviour such as speech; the health or the 
disease of the brain is correlated with the 
effldtoey of behavioiir. There are numer¬ 
ous' i^eotiflc data of this sort; and 
have nothing particular to do with. 
ntetaphydcjsl theory of **^psydK>-phydesyih 
parallelism^^-* 

ilEhe sdedUflc" inquirer; tries to fight; shy>; 
of^■%h«' mete^lirsieal problem of the rdarimi' 

M bitdy anipi mind, but^ ofs couM^ 
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He will hold to the unity of the or^nism 
(Oiius making a metaphysical assumption), 
and it is the behaviour of the creature that 
he will particularly study. He can watch the 
d<^ and describe its behaviour; he can make 
experiments to test its alertness, its memory, 
its power of inference, and so on. In the case 
of birds, whose eggs can be hatched in the 
laboratory, he discovers what capacities are 
inborn and what have to be acquired by 
learning. He can do all this without getting 
into difficulties over the relations of the dog’s 
body and the^ dog’s mind. THb biologist 
prefers to keep to the dog. In„this practical 
monism he is confirmed by the philosophers 
who make it clear that “ body ” and “ soul ” 
are equally abstractions. “ The severance 
of the original unity of experience into a 
physical and a psychical aspect is entirely a 
product of omr own abstraction-making in¬ 
tellect. ‘ Body ’ and ‘ soul ’ are not given 
actualities of experience, but artificial mental 
constructions of our own ” (Tajdor, 1908, 
p. 814). We are the realities, who pigeomh^e 
foi: purposes of study our ** mind ’• and our 
“body/’ 

The scientific inquirer may try to r^naiu 
M n istudent- of “ the original unity- of his 
agnortli}a% confrohrihg/jOiM’Ol.' 
t]^ great mysteri^i of tli^ worldi^bttt d^^^^ ifutir 
stririns at his stiff-made tethar. : dmd 
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he is likely (o be soon back at the old ques-> 
tions: Which is primary—the Brain or the 
Mind ? Is the brain the instrument or means* 
rather than the condition or cause, of mental 
development ? Do the bodily changes form 
an unbrpken causal series, sometimes asso* 
elated with states of consciousness, which are 
effects, but never causes ? Or is there a 
curious double series of cerebral events and 
psychical events, running “ parallel ” (what¬ 
ever that may mean) but not causally con¬ 
nected ? Or are there two series of processes 
going on which interact, causigJly inhuencing 
one another at different points, sensation 
being a mentm state which has bodily pro¬ 
cesses (in the nervous stimulation) among its 
immediate antecedents, and a motor reaction 
similarly a bodily process with mental ante¬ 
cedents (omr will) ? We need not go far¬ 
ther: the scientific inquirer has landed in 
the discussion of the metaphysical theories 
of ** epiphenomenalism,’’ “ parallelism and 
“interaction.” 

Apart from frankly metaphysical specula¬ 
tion, the possibilities are (1) to remain content ^ 
with an agnostic position, or (2) to push dn 
thb scientifio study V^t farther. 

(1) We nmy illustrate the first possibility^ 
by-a quotation from Huxley (1968): ^VI 
mmst adhere ito < what seems to my mind A 
.similar fori^ el • nototimMi e. - 
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tbat All plienomena have the «ane substratum 
(if they have any), and that smd and bddt, 
or mentsl and physical phenmnena, are Uierdy 
diverse manifestations of that hypothi^od 
sid)stratum. In this way, it seems to me, I 
obey the rule which works so well in,practice, 
always making the simplest possible sup-- 
positions.” . . . “My fundamental axiom of 
q>eculative philosophy is that matenali$m 
and epiritiudism are opposite poles of the game 
tdtsurditp —^the absurdity of imagining that 
we know anything about either spirit or 
matter” (Hiu^y, 1868). •- 

(2) We may illustrate the second possibility 
by a quotation from Prof. W." MacDougall: 

“ We observe a constant concurrence or con¬ 
comitance of events of the two orders—the 
physical and the psychical; and this constant 
concomitance leads even the most unreflecting 
man to assume some orderly relation between 
tibem. The fact of the relation has therefore 
always been recognized since men first began 
to reflect. But the nature of this ridbition 
that so clearly obtains between the ph}f^sical 
and psychical worlds remained a subject, of 
rqpeeidation only until long after the sdentific 
met^d has been applied wjth success to ea^ 
Mof^ toeto Ttolnui ind^pendantljr.' In fist^j^it 
r t^^ pi the 

to 'bi^:.;upto toa'|>rdid^:'6i^'''ihl>">ti&iuto''<^ 
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t}us relatipi|; pnd it was this, the application 
pt the soien|ihc method to this problem, that 
led to fbe^ development of that youngest 
brandh of science known as psycho-physics. 

. “ For psycho-physics may be broadly 
defined as the application of the scientific 
method*to the investigation of the relation 
between the psychical and the physical. This 
step was taken, and this new branch of Science 
was founded, by Gustav Theodor Fechn^, 
Professor of Physics at Leipzig, with full con¬ 
sciousness of the nature and importance of 
the step, vln his celebrated work, Elemente 
der P^cho-physik, published ki 1860, Fechner 
says:’‘By psycho-physics is to be under- 
. stood an exact study of the functional 
relations, or relations of dependence, between 
body and soul, or, in more general terms, 
between the bodily and the mental, • 
physical and the psychical worlds.’ ” (See 
MacDougall: “Psycho-physical Method,” in 
Eectures on the Method of Science, Oxford, 1906, 

Al Queshok. —In regard to “ the soul and 
body,problem” and also in regard to “t^ 
seoi^t of the organism,” some reader may‘>]to 
.inclin^ ,.to,.press .the ^following questioh': 

“ ^e t^ty of theorganisttt 
, * opA *1 iBiiitdhoih;^ bf^ the orgahism is' hll 

nietoi thot• 
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energy, or not ? To this and similar questions 
the scientific answer must be that the question 
is not rightly put. We do not know what 
matter really is, nor what all the energies of 
matter may be. What we do know is, that 
physico-chemical formula do not m^e the 
living creature intelligible, and that we have 
no warrant for asserting that the physical 
concepts of “matter” and “energy,” ab¬ 
stracted ofi for special scientific purposes, 
exhaust the reality of Nature. 

We have known of a school where the dis¬ 
tinctive feature was solidarity, loyalty, and 
esprit de corps. ‘'No one ever saw this jesprit 
de corps, but it was, in a way, the most real 
thing about the school. So, though we may 
not be able to understand it, the Ifierarchy of 
Nature is full of illustrations, on an ever 


grander scale as we ascend the series, of the 
fact that the whole may be greater than the 
sum of its parts. Thus we feel sure that 
organisms reveal a deeper aspect of reality 
tl^ crystals do, and that in this sense there 
is nmre in the plant than in the crystal, more 
in the animal than in the plant, more in the 
bird than in the worm, more in man tlban in 
thipiaaR , . , 

vjUt us try to state qur p^nid posil^^ 
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could rid themselves of the influence of the 
hyirathesls, so characteristic of Kant, that 
there is but one science of Nature and that 
the category of mechanism is the only one 
we need. It seems to us that there are seoeral 
sciences. of Nature, and that other than 
mechanical categories are required in two of 
these. 

(1) There is the physical order of Nature— 
the inorganic world—^where mechanism reigns 
supreme. (2) There is the vital order of 
Nature—^the world of organisms—^where me- 
ehanism ptoves insufficient.^ (8) There is 
the psychical^ order of Nature—^the world 
of mind—where mechanism is irrelevant. 
Thus there are three fundamental sciences 
—^Physics, Biology, and Psychology—each 
with characteristic questions, categories and 
formulae. 

It is evident, indeed, that the physical 
order overlaps the vital, for the life of the 
organism implies a succession of chemical 
and physical processes. But, as we have 
seen, the life of the organism also implies a 
co<-drdinati6h, a purposiveness, ^ in&vidu'' 
aKty, a cteative agency, a power of tra^in^'^ 
.;With time, a history—in all of which it trah* ‘ 
scends ri^hanirin. Simil^ly, both Ihe vitiil 
and’the oveirlap the psychical with(^t^ ‘ 

as "^6 tmddhstand it^ afiectihg. tht aiitonoimy"^ 



164 INmODUCnON TO SCIi^CE 

Looking at the question histoncallyt we 
xecofiniiize that there was for millions of years« 
in &e development of the earf^, o^y a 
physical order as far as met the eye. That 
is to say» everything (short of the origin of 
life) that happened during these mUtions of 
years was capable of description in pb3^co> 
chemical terms. These are so “ true to 
Nature ” that just as we can predict the 
return of a comet, so in many cases we can 
safely speak of great events that occtored 
before there was any life whatever upon the 
earth. It is qqite another mattef^ however, 
to say that physico-chemical categories ex¬ 
hausted the reality of Nature m these pre- 
organic days. Indeed, if life and mind and 
man have evolved from the reality which 
was physically describable as a nebula, we 
may safely say that the physical description 
is certainly not exhaustive. 

. In the same way, there were long ages, in 
the evolution of organisms, during which (in 
addition to the physical) there was only a 
vitid order. No brains worthy of the npme 
had yet been differentiated, and everythhsig 
mifl^. .have beea describe, biologic^ 
temos, yust as we may describe the. qngo^igi 
d aw amati)a or d a h^hwater ;hy&».. t It^is 
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Indecdf it intelligent behaviour and human 
reason evolved from the reality which was 
biologically describable as a numb^ of nmple 
organisms, we may safely say that the 
biological description is certainly not exhaus* 
tive. The same holds good in regard to 
the. development of the individual human 
being. 

In questions like this, which are perhaps 
beyond the limits of human intelligence, 
diagrams and metaphors are apt to do more 
harm than good, but we might compare the 
order of Nature which we i^udy to a great 
fabric* passing from the loom of time with a 
pattern slowly changing as the ages pass. 
It is woven of threads of different colours 
which it is the business of the several sciences 
to follow, unravelling the web. We can well 
imagine that there are areas of fabric in whidk 
certain threads seem to be absent; where, 
indeed, their hidden presence may be i^ored, 
Mcept in reference to further stretches of the 
weh. In the area that we call the physical 
<»der we caft afford to act as if the only threads 
were Psechanieal, but in truth it may be other^ 
wisA'‘ In tlm area which we’call thebiolo^oai 
<n^er\fh^''l!neehanical threads oxe continued^ 
bnf thif^'^l^ no longer dominant. ^ In 'the 
WMohilrebi^jniybhicalthe organiothreadte. 
oontinlb^ bttt^Ot^ focm^e pf^^3l^ 



166 INTRODUCTION TO SCIENCE 

organic to psychical, the mechanical warp 
becomes as it were less important, and new 
aspects of Reality find freer expression. 
But the metaphor is hopeless in its suggestion 
of threads that are passively twisted and 
interlaced. We have to think of living 
threads, like those of some of the simplest 
Frotists which spin a changeful web. We 
have to think of living threads that share in 
working out the pattern of the web. 

Summary. —The aim of Science is the de¬ 
scription of facts, the aim of Philosophy their 
inierpretaHon. fhere is much need*for critical 
Metaphysics to function as a syblime iiog^, 
testing the completeness and consistency of 
scientific descriptions, whether of things as they 
are or of the way in which they have come to he. 
On the oiher hand, metaphysics should not reach 
forward to its constructive system without taking 
account of the raw material which the sciences 
furnish. The scientific account of things is 
self-limited by the nature of its descriptions: 
Only in mechanics can we say “ The Came 
is equal to the Effect,** the terms of scientific 
description require themselves to he etcplained ; 
the beginnings from which Science starts contain 
much that is “ given ” or taken for granted ; fihe 
terms of scientific descriptions are ** conceptual 
fornwUe.** Before problefns such as the oHgiit 
of Uving creatures upon ih$ earth, ffw secret of ffte 
organism, the relation of tpul and body, Seierwe 
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and Philosophy mmt meet. Science offers certain 
contrilnUionsi to the discussion and must then 
remain qua Science agnostic. To most minds 
it seems imperative to go on to metaphysical 
theory^ and it is better to do this frankly and 
deliberately than unconsciously or at random. 
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SCIENCE AND AST 


“ For double the vision my eyes do see, 

And a double vision is mways with me: 
With my inward eye ’tis an old man grey, 
With my outward a thistle acros^ my way.” 

( Blake. 

Inter-relatioiis of Science and Art—^Xsthetics—Mdu’a 
llmotional Relation to Nature—^Fundamental Imwee- 
cdons of Nature—Nature more than a Ming>r—JRavr 
AjAteriaU of Poetrj-Opposition between Science and 
Feeling—Sununarjr. 


Intee-eelations of Science and Art.— 
The connection of the Sciences with the arts 
and crafts is well known, but it is generally 
supposed that Science and Art (both with very 
large capitals) are as the poles asunder. And 
this in spite of the ” Science and Art ’’ Depart- 
ment and its examinations, so familiar t^y 
''years''agof' V. ^ 

- Ot a truth, howeveri, the idec^ whk^ tl^e 
^ perhaps not^j^wa^. wiselj^UjTjrj^, 
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a subject so difficult that we cannot do more 
than refer to it here. 
is certain, though 
has precious gifts to 

that she may fashio^ , 

beauty. . Science has CToriaoiS»t!Het^u^(|^||^ ^ 
full of what we cannot but^^gjdl^^s^e raw 
materials of poetry. AiMP^shafJtlHb^hunous 
painter told his questiondl^OT ne mixed his 
colours “ with brains,” so it is beyond doubt 
that Science, with its subtle revelations of the 
order of Natme, may enhance even the artist’s 
visioiiS. Ih the third place, jn spite of what 
we have just; said, there is a very interesting 
opposition between the two moods. They 
may help one {mother, but when one is in 
the saddle it must keep the other at a spear’s 
length. 

'[^ere is another possible relation between 
Science imd Art which well deserves to be 
thought over. Is it not the case that in its 
higher reaches Science often becomes artistic ? 
Thus Mr. Branford writes— 

** Routine-skill, scientific skill, and artistic 
skiB f(Mrm im ascending series of human powep 
and activity. For true {urt, in wh^yw 
occupatimi it may be devdoped, is the fintd 
'aiid hig]^ mcitfession of our whole oMreoldi 
■powenb^ a^ ^persoBudity^idietheE. 

<!he'a hsoi^ciidtanan 3^^ a:hcadcra£t;iie4ii^^^:^ 
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sldll, all great scientists possess much of thh 
artistic s^l, the very portion, indeed, of their 
experience and experimenting which they 
themselves never fully understand, though 
the source of their greatest discoveries, and 
which, essentially incommunicable^ neces¬ 
sarily dies with the possessor!! (Branford, 
1004, p. 12). 

.^thetics.—^A s we have indicated, it is 
beyond our power in this short Introduction 
to do more than refer to the interesting 
study called sesthetics. It inquires into the 
characteristics ,of that familiar ‘’experience 
which we call enjojdng Nature or Art, and of 
the rarer experience of productive artists. 
It asks such questions as the following: How 
does the sense of beauty differ from other 
states ? The pleasure that we get from music 
or from the silence that is in the starry sky, 
from the restless sea eternally new or from 
the sleep that is among the lonely hills; 
how does it differ from other pleasures ? 
What is the meaning of those sensations 
that follow changes in breathing, circulation, 
and the like, when we enjoy beautiful scenery 
and music ? What gives sesthetic pleasure its 
peculiar quality of “ relative permanency,*! a 
thing of bMuty being ** a joy f<w ever ” though 
we never see it again 7^ VnMt can be kho^ 
od artiirtiie instinbt!! (w ofrthe artiat*8 
efeativ<»ess<?: How is^the art^iastintt litdted 
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to the play-^tinct ? What have been the 
factors in th€| evolution of Art ? 

It goes wilhout saying that aesthetics has 
its philosophical as well as its scientific side, 
and we may perhaps best illustrate the former 
in a brief space by quoting the views of a 
leading aesthetician on the relations of the 
True and the Good and the. Beautiful. Dr. 
Henry Rutgers Marshall suggests that ** the 
Beautiful is the Real as discovered in the 
world of impression; the relatively permanent 
pleasvire wMch gives us the sense of beauty 
being the^ost stable characteristic of those 
parts of the |ield of impression which interest 
us.” He proposes the following scheme— 


The Real 
or 

The True 
(in the broad 
sense of the 
term). 


' a. The Real of Impression— 
The Beautiful. 

/S. The Real of Expression— 
The Good. 

y. The Real in Realms exclu¬ 
sive of a and /3—^The True 
(in the narrower sense of 
^ the term). 


Man’s Emotional Relation^fo Nature.— 
It ^ part of ** man’s chief end ” not only to 
know Nature—which is Science, but to enjoy 
herior ever. We are men of fec^ing;^ und Natere 
s|>eaks to our heart, though we are not iond^ 
we are poets, of saying miiidk about 
But ’We list^ with i^adnetM^' with^aww/some* 
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times* perhaps, with fear, surely always with 
wonder. The grandeur of the star-strewn 
sky, the mystery of the mountains, the sea 
eternally new, the way of the eagle in the air, 
the meanest flower that blows—somewhere, 
sometime, somehow, evory one confesyses with 
emotion, “ This is too wonderful for me.” 
I^en we consider the abundance of power in 
the world, the immensities, the intricacy and 
vitality of everything, the wealth of sentient 
life, the order that persists amid incessant 
change, the vibrating web of inter-relations, 
the thousand and one fitnesses, the evolu¬ 
tionary progress^that is like “the unity.of an 
onward advancing melody,” and the beauty 
that is through and through, we are convinced 
that our wonder is reasonable. 

As. we come to know Nature better, we find 
that everything is equally wonderful if we 
know enough about it, for, as Meredith says, 
with his wonted insight: “ You of M»y well 
that springs, may unfold the heaven of things.” 
As Whitman says— 

“ A leaf of grass is no less than the jpume;^- 
, work of the stars. 

And the ant is equally perfect, and the gritm 
of shnd, and the egg 61 the wreii, ' ■ 
%sd'the't^ is a masterpieee for ^e 

-'^’■•'^'■'WigheSti'' -'‘I' ’ ■■'M '■ 'f- -V»C-.•••;* 

tire tdcubio^%|a«ybmy wo^Aa^^ 
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And the narrowest hinge on my hand puts 
to scoj^ all madhinei^, 

And the co|v crunching with depressed head 
surpasses any statue, 

And a moi^ is miracle enough to stagger 

sextillions of infidels.*’ 

• 

As we begin to feel at home in Nature, our 
wonder grows into delight and what may 
almost be called affection. This is true of 
those who have what Meredith called “love 
exceeding a simple love of the things that glide 
in grasses and rubble of woody wreck.” In 
many wd^s we are drawn cl^se to Nattire by 
emotional cords which we sever at our peril. 

Historical inquiry shows that in the culture 
of the mood which dominates the man of 
feeling there have been two great schools— 
human life itself and Nature. It is evident 
that without schooling in the hiunan drama, 
with its joys and sorrows, achievements and 
failures, Man would have made much less of 
Nature emotionally. One may go farther and 
say that without age-long schooling in the 
Humanities, Man would have made much 
less of Nature. On the other hand, from 
the first till to-day schooling in Nature has 
deepened humane feeling, as many of the poets 
hava ecnlessedii and our position is .^at 
schooling in Nature has been and remains an 
vtiteeatial pil^ of the diticiphneolthe 
human sphit* Thinhof ^past lor;a>ip<»x^t. 
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Man was cradled in Nature and brought 
up in close contact with Nature, and the 
influences of Nature have supplied the raw 
materials of, perhaps, half the poetry and art 
in the world. From language and literature, 
from religion and rites, and from what may 
be seen still among simple peoples, it seems 
certain that the influences of Nature took a 
very firm grip of Man in the making. Very 
largely, perhaps, in a half-conscious way, just 
as in our own childhood, but none the less 
firmly. The poet tells us of the child who 
went forth every day, and what the'bhild saw 
became part of liim for a day, or |or years, or 
for stretching cycles of years ; and what is 
true of the individual has been equally true 
of the race. 

FUNDAMENTAIi IMPRESSIONS OF NATURE.— 

It is imlikely that the impressions borne in on 
oiur early ancestors were essentially diflerent 
from those that come to us, though the 
particular form and colour of the impression 
must vary from age to age. What, then, are 
essential impressions ? When we reflect 
on this in the silence of a starry night, or in 
the bewilderment of a storm, or in the de¬ 
tachment of mid-ocecm, or with the exaU«d 
leelipg that rewards a long climb, we recogoize 
v^QUS' elements which combine in the eom-* 
I^^ieehag.of,Wonder .■■ ■' 
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power, its dynamic—sense of the powers 
that make ctor whole solar system travel in 
space toward an unknown goal, that keep our 
earth together and whirling round the sun, 
that sway the tides and rule the winds, that 
mould the dewdrop and build the crystal, that 
clothe the lily and give us energy for every 
movement and every thought—^in short, that 
keep the whole system of things agoing. 
Looking at radiiun-containing rock and the 
like with modern spectacles, we get a glimpse 
of the powers—^like charmed genii—^that may 
be imprisoned in the appajrently inert dust. 
Even more .vividly to some of us there comes 
a sense of the power of life—so abundant, so 
insurgent, so creative. “ The narrowest hinge 
on my hand puts to scorn all machinery ”; 
a fire-fly is a much more economical light- 
producer than an arc-lamp; a fish is a far 
more efficient engine than those which move 
a steamship ; and an invisible pinch of 
microbes could kill all of us in a few hours. 

Secondly, there comes to us a feeling of the 
immensities. It was a red-letter day in our 
childhood when we flrst climbed to the summit 
and saw over the hills and far away—strath 
beyond stxath, and then the sea; and the 
sksople, open mind has always been impieased 
with the bigness” of Nature, with the 
apparently boundless and unfathomable 
■ the 4i^pare&tiy unending ptiuns^ the 
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Bumiitains whose tops are lost in the dpuds( 
by the expanse oi the heavens. And eve^ 
when we take the sternest modem science fdr 
onr pilot—^precise and cautious to a degreor^ 
we find that we are sailing in a practicalljy 
infinite ocean. For leagues and •leagues 
beyond there is always more sea. 

Thirdly, there comes a sense of pervading 
order. Probably this began at the very dawn 
of human reason—^when man first discovered 
the year with its magnificent object-lesson 
of regularly recurrent sequences, and it has 
been growing evqr since. Doubtless*^he early 
forms that this perception of .order 'took 
referred to somewhat obvious uniformities; 
but is there any essential difference between 
realizing the orderliness of moons and tides, 
of seasons and migrations, and discovering 
Bode’s law of the relations of the planets, or 
Mendeleefi*s “ Periodic Law ** of the relations 
of the atomic weights of the chemical elements ? 

Fourthly, there comes to us a feeling of the 
universal flux, in spite of which order perrists. 
As Heraclitus said, ndna ^e7, all things are 
in fluxi ** The rain falls; the springs are fed) 
the streams are filled and flow to 8«a ; 

the m^t rises from the deep and the clouds are 
fditeed^' Whhdi^ toeak s^n on tiie mofmi^dBi, 
ifidey fdaabcaptiureS air; water^ ud sS^* 

and, with the sun's btflldk^ than 
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p<»rating thi^into itself. The animal eats the 
I^bint} and <« new incarnation begins. All 
fiesh is grass. The animal becomes part of 
another aninaal, and the reincarnation con¬ 
tinues.” Finally, if we can use such a word, 
the silver cord of the brmdle of life is loosed, 
and earth returns to earth. The nucrobes 
of decay break down the dead, and there is a 
return to air and water and salts. All things 
flow. It may be that the old naturalists h^ 
not such a vivid conception of the circulation 
of matter as we have to-day, but the essential 
idea is certainly ancient. ^ 

' Perhaps we have said enough to illustrate 
this part of our simple argument (which we 
have devdoped further in The Bible of Nature, 
1908) that there are certain inevitable and 
fundamental impressions borne in on man 
by Nature which have meant much to man 
t^oughout the ages, which are strengthened, 
not weakened, by modern science. They have 
not changed in their essential charade since 
uadent days, but they have become deeper 
and more subtle—^the impressions of power, 
imanensity, of order, and of flux. These are 
probably the most widespread and funda¬ 
mental impressions, but every open-eyed 
olMwrver tanlay has doubtless others timt Imye 

* mdmt much tohiihin the way both of stumflus 
.|md<cl mentd-furnitare. 

• ^-There^ls thei^impression of weal^.exujber- 
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ance^'^' <and nMtufoldness. Star differs from 
star in. glory and their munbers are beyond 
reckling ; every moimtain, every stream, 
has its individuality ; there are over eighty 
different kinds of chemical elements ; the 
number of minerals is legion; there are fotir 
hundred and forty-two species of birds in the 
list for the small islands of Great Britain and 
Ireland; and there is many a class of animals 
that has far more different species than we 
see of stars on a clear night. 

.An allied impression is that of intricacy. 
As President Jordan says, “ The** simplest 
organism we know is far more complex: than 
the constitution of the United States.” The 
body of an ant is many times more intricate— 
visibly intricate—^than a steam-engine; its 
brain, as Darwin said, is perhaps the most 
marvellous speck of matter in the universe. 
The physicists tell us that the behaviour of 
hydrogen gas makes it necessary to suppose 
that an atom of it must have a constitution 
as complex as a constdlation, with about 
eight hundred separate corpuscles. 

Another impression of a basal sort is that 
the world is a network of inter-relations. 
Nature is a va6t syston of linkages. Th^e 
is a !(^rrelati(m of organisms in Nature ^com- 
narid>le to the . correlation of organs in om** 
body.., T^re is a weh ^ lifei Cats me 
e«>l^me6t0d* <with^^^ the’' tdovcr ^ cnqs^ urats with 
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plague, earthworms with osar food-silpply, 
the spring sitnshine with mackerel. The face 
of Nature is hke the surface of a gently flowing 
stream, where himdreds of dimpling circles 
touch and influence one another in an intri¬ 
cate complexity of action and reaction beyond 
the ken of the wisest. 

These impressions of manifoldness, of intri¬ 
cacy, of inter-relatedness are relatively modem, 
as is also a sense of the crowning wonder 
of the world, that the succession of events 
has been in the main progressive. What 
we mortf or less dimly di^ern in the long 
past’is not .like the succession of patterns in 
a kaleidoscope; it is rather like the sequence 
of stages in the individual development of a 
plant or an animal—stages whose import is 
disclosed more and more fully as the develop¬ 
ment goes on. It is not a phantasmagoric 
procession that the history of animate Nature 
reveals: it is a drama. As Lotze said, .there 
is “ the unity of an onward-advancingmriody.” 

Nature more than a Mirror. —We are 
seeking to suggest that there are a number 
of strong impressions borne in on man*^ by 
Nature which have formed and should con¬ 
tinue to form the raw ihaterials of poetry and 
the impiflses of other forms of art. But before 
continuing tlusr; simple argument, we~ 
pause ior a moment to protest a|^inst ^h^ 
not uneommon hmesy th^ Nattiro 'ii^"’mmx*e 
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creation! We>-are told that Nature has tto 
iniggestions of her own, that what we see in 
Natuie depends on the arts that have already 
influenced us, that Wordsworth found hr 
stones the sermons which he had himself 
hidd^ there. . 

But this seems to us an extreme sub¬ 
jectivism. It is indeed the function of Art 
to read into Nature, but the impressions 
which we have been discussing have scientific 
validity. And if it be urged that it is difficult 
to free even science from anthropomorphism, 
as has been illustrated in the vCSume on 
Evolution in this Library, we shpuld answer 
that this applies rather to theoretical inter¬ 
pretations than to the great data of experience. 
When a scientific impression is really sound, 
it is not something that may be accepted 
rejected as one will, it does not depend on 
individual outlook, it stands the test of 
vmfiability by all normal intelligences. 

Raw Matebiaxs of Poetry. —Our argu¬ 
ment, then, is this, that the fundamental 
Impressions of Nature, some of which we have 
infficated, have scientific viflidity. They are 
home in on man and not artistic^y {nrojeeted 
froni him. ^ey axe cumulative syhtlmsea of 
faebs bf experienee, and tlomeof them, Ihoi!^ 
varying in fmm smd eoloar firom 
an^'Very iThey liiive' nevmr eeai^4b 
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strablyj .indeed, a large part of the world’s 
poetry from| Homer to Tennyson, from the 
Nature-Psalips to Meredith, has been saturated 
with their in^uence. 

. In ancient days there w^e those who knew 
Nature, well and loved her well, who felt that 
while they could discover certain secrets that 
cleared their outlook and made for practical 
advantage, yet there remained much that was 
elusive and mysterious. So they did what 
Man has always done, they used art to express 
their feeling of Nature’s powers and immen¬ 
sities, o:^the pervading order amid a restless 
flux.. For jnstance, they fashioned what we 
sometimes call Fairy Tales, many of which 
are artistic expressions of very sound science. 
Many of them, for instance, reveal a very 
penetrating insight into the gist of naturtd 
phenomena, especially of the march of the 
seasons. Let us take one instance. 

“ There was Domroschen, the Sleeping 
Beauty—(our fair Earth), wounded by a 
spindle (the frost of winter), who slumbered, 
as the. seeds do, but did not die. One after 
another strove, so the story runs, to win. a 
way through the barriers w^ch encirdedr tbjB 
■{dace of her sleeping, but at length the Prince 
and ;came,: to wh<nn. ah wasi easSTr!-' 

\thft Snnfliineh first spring dayf .ahd.na 

xhe kissed the^Sleeping Beauty, allrthe 
hlfWiMhoth^hiflh 
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the trees, and the croaking frogs by the |}ond, 
each according to his strength and skill. 
All through the palace there was reawakening: 
of the men-at-arms, whether bears or hedge¬ 
hogs ; of the night watchmen, known to us 
as bats ; even of the carpet sweepers, like 
dormice and hamsters—all were reawakened. 
The messengers went forth with the news, the 
dragon-flies like living flashes of light, the 
bustling humble-bees refreshing themselves 
at the willow catkins by the way, the moths 
flying softly by night.” 

If these are not good interpretatiosis, there 
are other exege&es to choose from. .(See 
Frazer’s Golden Boitgh and our Biology of (he 
Seasons, 1911.) 

Fine as are the old Nature myths and 
fairy tales, it seems obvious that each age 
should make its own, if it can. And the pos¬ 
sibility depends on two things. First, on 
keeping close to the fundamentals, sojourning 
with Nature, for it is touching and handling 
t|iat counts ; listening, to sounds, not to 
echoes of soimds; experiencing day and night, 
stuumer and winter, cold and heat, not simply-_ 
reading iibout them. “ Nwr was du ~ 

dafi ist dsio jE^enthum.** ” Only what you 
.. is your very own,” And sepand, 
ennching the mind with t^e results of spienn^' 
ipt|t., facts, its/ new, outloc^ Its 

> ,t)»is'^ioay 
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new Mature-poesy—a new heaven and a new 
earth such ds each generation has a right to 
make for itself. 

What an emotional asset, for instance, in 
the facts regarding the Earth’s relation to the 
Sun which is its “mother-country”! “All 
energy is a transformation of the sun, the 
logs which feed our hearths are warehoused 
from the sun, the locomotive moves by an 
effect due to that power of the sun which has 
been lying dormant for ages in the subter¬ 
ranean beds of coal, the horse draws its 
strengtlf from crops which |ire also produced 
by the sun,” and so the familiar story runs 
to water-mills and windmills and how much 
more—^all owing their power to the sun. 

The emotional assets furnished by astrono¬ 
my are well known. They are so great that 
we can well understand the poet’s conviction 
that “ the undevout astronomer is mad.” 
We have referred to the immensities of 
Nature, but better than big words is the 
picture in the volume on Astronomy in this 
Library. “ Imagine a model in which the sim 
is represented by a grain of sand one-hundredth 
of an inch in diameter, and the earth by a 
quite invisible speck one inch away. Upoh 
^this scale the nearest star will be another 
* grain/‘ of' ^tid' soihe foiir ^les aWay,” 1; i . 
The shn rktuld take at his present sp^ fli 
epaee sonb eeveidy thnui^d yeafis^^ 
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his nearest neighbour. . . . “Despite’" the 
richness of the sky, the etiuptiness of space is 
its most striking cheracteristic.” 

Hie great concepts of physics—such as 
the law of gravitation, the luminiferous ether; 
and the conservation of energy—are. assets 
in the life of feelings “ In accordance with 
the conception of the conservation of energy 
there is no real cessation of energy motion, 
there is only an alteration in its mode; thus 
the sum total remains for ever the same, one 
mode changing to another without any energy 
ceasing or being ^ost in the transforfhation.” 
And speaking of this, Prof. Gotch "con¬ 
tinues : “ Such an imaginative flight b far 
beyond all sense experience. To the thought 
of a scientific man the imiverse, with all its 
suns and worlds, is throughout one seething 
welter of modes of motion, playing in spaccj 
playing in the ether, pla^ng in all existing 
matter, playing in all living things, playing, 
therefore, in ourselves. Now locked together 
in more intimate embrace, potential energy, 
now unlocked and streaming as kinetic ener^ 
through space, continually alternating between 
these two settings, this eternal motion never 
ceases, fe never dissipated, and is nevn* ze- 
oreated; it simply exists. The-'eonoeptieh^ 
thrifls the'imagination ^e a poeni.’''^ (G^t^,* 
58).-•' .■ ''• ■; -t 

.<' ' im ='|renit 
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lecti&l development has been the transition 
from a statid to a dynamic way of looking at 
things. What began in astronomy spread to 
geology and thence to biology, and now every 
science owns to the change. The subject* 
mattei; is considered in its becoming, in its 
present activity, and as in process of evolution. 
Everything is seen “ in the light of evolution.”’ 
And this familiar intellectual transition has 
^ven a thrill to art. 

Again, it is well known that modem progress 
in chemistry and physics has given us a much 
more 'vital conception of what has been 
labelled or, libelled as ” dead matter.” To 
speak of inert matter, at any rate, is an 
anachronism. We believe that every one 
who feels something of the 'witch^y and 
mystery of precious stones will admit that 
his 'vision is illumined and intensified by what 
modern science has to tell of the internal 
activity or “ life ” of jewels. 

And, again, it is characteristic of at least 
a large school of modem biologists that they 
assert the autonomy of their science , and the 
transcendence of life over mechanism; ^ We 
cannot a mechanical interpretation, of 
an animate system that in some mysterious 
ipiy is more, than the sum of its parts,, 

•has nnified ei^ective ihehavtpimhpmn tile 
that has exp^ence and profits by 
n h^toiy it and neiseticeosesylt^i to 
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trade with time. Thus the Neo-Vimlists 
have made a home for the Dryad, which some 
of them think they have even demonstrated. 
With a suitable constituency of serious 
students, the severer the biological discipline 
is the more vital do things become. The old 
woodman who planted and tended his tree 
often had an almost personal or parental 
interest in his charge; the modem forester 
may lose this with the change in the world’s 
pace, but there comes to him instead, in pro¬ 
portion as he knows his business, a vision of 
the tree translucent, with its intricate archi¬ 
tecture and its intense life. “ The Dryad, 
living and breathing, moving and sensitive, 
is again within the tree.” 

Let us collect a few Natural History illus¬ 
trations. Many voyagers across the Atlantic 
have watched the sun set in the water, 
lingering for a minute or two like a ball of 
fire balanced on the tight string of the 
horizon, and have waited afterwards till it 
was quite dark except for the stars and the 
“ phosphorescence ”—^a multitude of glowing 
suns al^ve and a greater multitude of glemning 
animalcules below I There is a <»tscade of 
sparks at the prow, a sbr<^^ of sparks all 
along the water level, a i^elter of sparks in the 
wi^e, and even wh^ the waves bre^ there ig 
^it goes im for m^les and imursr-the 
.of Ihe riqiid l^un^ng amy M 
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pinhe&d-like Creatures, so numerous that a 
tubful contnids more of them than there are 
people in London and New York together. 
This is just one of a thousand ways of 
feeling the abundance of life. 

Many, have enjoyed one of the great pleas¬ 
ures in life, that of crossing an Alpine pass of 
moderate height, where we get near the lasting 
snows and are among the bare, inhospitable 
rocks. There is much to enjoy—^the air, the 
near peaks and glaciers, and the distant view. 
But many must have received another im- 
pression-^f the insurgent na^e of life. Not 
only are there many beautiful flowers coming 
up at the thinned edge of the snow on most 
inhospitable ground, but there is a rich insect 
life and quite a number of birds, besides 
hundreds of things unseen. Very conspicuous 
are the large, white-bellied Alpine swifts, 
perhaps the most rapid of all birds in their 
flight, continually swirling about in the cold 
air, with a note of victory in their cry, the 
very emblems of insurgent life. Shy marmots 
whistle among the rocks and strange flocks 
of wWte moths float up in the mist, rising Kk^ 
the souls of animals t^t have died far below^' 
Everything is unpropitious, yet life iij abun^ * 
dant; we feel what Bergson calls the JkiHi 
the spring, the impetus' that is chiaractet- ' 
istio of ' livin^ess. We feel the itiswgetai 
i^domi§iMe^‘ ieff^dsserHve b/ 
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organisms ,—^mething foreign to the purely 
physical. 

On the links, perhaps nearer home for moi^t 
Of us, the Whole surface of the grass is Worne* 
times covered for acres with threads of 
gossamer. If we bend down we see the earth 
<i[uivering as far as the eye can reach. In 
some of the hollows still unsunned. We see 
what R. L. Stevenson meant by “ the fairy 
wheels and threads of cobwebs dew-bedia> 
monded.” When the sun catches the quiver¬ 
ing threads the silvery robe changes to one of 
gold. Who can«. see this without ’thinking 
of Goethe’s words about Nature: “ She moves 
and works above and beneath, working and 
weaving, an endless motion, birth . and death, 
an inflate ocean, a changeful web, a glowing 
life.” The beauty of it is increased, not 
decreased, if we happen to know a little about 
the natural history of gossamer, for most of 
these threads are the residues of the ballooning^ 
activity of thousands of small spiders. The 
sight as we see it is a good emblem Of the 
intricacy of the web of life. 

Three examples are as good as three hun- 
dred^ for what we mean is single enough, 
Wh(^^ we watch the literal myriads df 
starlings'drcling over ohe of th<^ favoniile 
tWbieftil resembling ftom'a mile Off thick 
sinblle'W^tl^mg ov^ a ^ater,* or cii’i^term 
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of yn4gs, we f^l the abundance of life. When 
we watch tho flying fishes rising in hundreds 
before the p^ow of the steamer, like grass¬ 
hoppers before us as we walk through a rich 
meadow i fxt the stonn-petrels flying over the 
waves yrith dangling feet, never touching 
land except to nest; or the salmon leaping 
the falls; or the elvers on their journey up¬ 
stream ; w^ feel the insurgence of life. When 
we gaze at the cut stem of a huge America 
Sequoia, whose annual rings show us that it 
was a sapling a few years after the fall of 
Borne, w* are in the presence of another form 
of the Will Live. And w^at shall we say 
of the emotional value of looking backward 
over the history of organisms, to see life 
slowly creeping upwards through the ages, 
adapting itself to every niche of opportunity, 
expressing itself with increasing freedom and 
fulness, with more and more emergence of 
Mind ? 

Wherever we turn in our Natural History 
we are brought up against the abundance, the 
insurgence, the effectiveness, the inti^caoy, 
and the mystery of life—in all of whict 4 in 
addition tethe great gift of unsolved probk^^-. 
there is unstin^ fo<^ for fancy, an unendi^ 
sppply 0 ^ the raw materials of poetry, i^d 

eolatihuai reinvigoration of .< titpse pid^a^^ 

e^,fundahiehll»l unpr^piuiyd^pt^; 

whiiW. iceallyv make pur 
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own. And when what Science gives is 
transfigured by Art, Him —^if we may wrest a 
little the wor^ of an artistic genius: “ The; 
Y«ry aspect of the world will change to our' 
startled eyes. . . . Dragons will wander about 
in waste places, and the phoenix will soar from 
her nest of fire into the air. We s^l lay 
our hands upon the basilisk and see the jewel 
in the toad’s head. Champing his gilded oats, 
the hippogriff will stand in our stalls, and over 
our heads will float the blue-bird singing of 
beautiful and impossible things, of things 
that are lovely and that never h^pen, of^ 
things that are not and that shoijild be.’.? 

Opposition between Science and Feel¬ 
ing. —We have been trying to suggest, in¬ 
directly rather than formally, that Science 
and Art are complemen^y. Science has a 
great.deal to offer to Art in the way of raw 
materials,—^and these of a kind that Art is 
ennobled in working with them. On the other 
hand. Science is cold without Art. But while 
this is so, it cannot be denied that the artistic 
and the scientific mood are in some measure 
0 {^>osed. There is an antithesis—which eadly 
becomes an antipathy—^between them. The' 
reason forJ^Us is obvious: Science aims at 
being unemotional and impersonal; Art is 
intrinsioMly motional and personal. f 

We have spoken of the pleasure whioh IfsiA 
basin the eontimplatiott v^^ of Nature^ 
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but iti^mu^^ be granted that the scientific 
mood often intrudes on our delight, elbowing 
us away frbm the emotional window. Yet 
the end is always that the window is widened. 
Darwin once expressed the delight he had 
when on a rare occasion he surrendered himself 
under the trees to the child’s pleasure of just 
watching the birds and insects and all the rest, 
without, vexing himself for once over the 
problems of origin. But how he has widened 
the emotional window for mankind, for all 
who feel the grandeur of the evolution-idea 1 
Keats cauld not forgive Newton for robbing 
mankind of the wonder of the rainbow,—^but 
when minor mysteries disappear, greater 
mysteries stand confessed. Science never 
destroys wonder, but only shifts it, higher and 
deeper. When the half-gods go, the gods 
arrive, to the aesthetic as well as to the religious 
mood. For it is omr experience that there is 
always something finer, higher, grander than 
we saw at first. Should we not get back 
, oftener to the emotional realization of height 
I above height, which is expressed in Emerson’s 
’ pict^ire the little child looking up through ! 
the maple branches ?— ; • 

“ Over Ids head were the maple bdds. 

And over the tree was the moon, '■ 

And over the moon Were the starry studs' f 
drop from the axels’ sboom- 
Om potion is a ¥ery '^mple ■ cihe. 
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We are enthusiastic believers in theVvalue 
of Science in furnishing descriptive formulae 
which fadlitate both our intellectual and our 
practical grasp of Nature. But we do not 
feel that the generalizatimis of Science are 
by themselves satisfying to us. Rightly or 
wron£^y we share the ordinary human longing 
for explanations, and we are not affected by 
being told that it is an unhealthy appetite. 
We believe that nature-poetry and religious 
feeling are alike complementary to Science. 
Both aim at getting beyond Science by other 
methods, intuitive and instinctive rather than 
intellectual—^add roe do not think that they 
fail. 

SuMMABV. —There are three relations heteoeen 
Science and Art: (1) there is a sdentifie study of 
eesthetics ; (2) Seiende. has enormous stores of 
robot may be called the raro materials of Art; 
and (8) there is an interesting psychological 
opposition between the two moods. Esthetics 
is a psychological science which inquires into the 
characteristics of that familiar etoperience which 
we call enjoying Nature or Art, and of the rarer 
experience of productive artists. Man*8 etno- 
tional relation to Nature is primal and fvnda- 
mental. The fundamental and ancient im^ 
pressions are of the world-power, of the im¬ 
mensities, of t&s pervading order, and of the 
universal fltue. To these rnodern eeiertee has 
added impressUms manifdldnesst iniritaey, 
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and evolulion. ^ Jfaiure t» 
o«r «»oo<fe / the funda¬ 
ment^.: vm^esnons are impersontd. While 

they are hardly Uee 
tnaterkLof 

poetry. Yet there ts undoubted oppoeUion bJl 

orHstic^ood; when 



CHAPTER VII 

SCIENCE AND RELIGION 

“Have a glimpse of incompTehensibles; 
and thoughts of things which thoughts but 
texulerly touch. Lodge immaterials in thy 
head; ascend into invisibles; fill thy spirit 
with spirituals, with the mysteries of faith, 
the magnalities’ of religion, and thy life with 
the honour of God.”’— Sir Thoi^as Browne. 

Tbe Aim of Science and the Attitude of Religion—From 
.Practical Problems to Relknou'—From Emotionid 
Strain to Religion^From the Riddles of the Universe 
to Religion—The Voices of Nature—The ConSict 
between Science and Rdigion—Herbert Spencer’s 
. Position—Contributions of Science to Religion-— 
Summary. 

^ IfucH has been written on the illations 
between Science and Religion, and the history 
pi the sb’Called ctmflict between them is l<»ig. 
What we propose to do in this short ohiBipter 
'iP'to explain a certain point of view whieh 
to us to make for dearness of thoo|^. 
•''<^;tiew is that Scknoe aml^ RsUgioa are 

there-is vuo t^ 

iiiHilithes^ bstteen 
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R£iJCpioK.4*-As we have already jseen^ ihe lum 
of Science is to discover the general laws of 
what goes on, to formulate the sequences 
in the simplest possible terms,—^terms which 
are either the immediate data of experience 
or verifiably derived from these. It has a 
definite'aim, which is to describe things as 
they are and as they have been, and to dis¬ 
cover the laws of all processes; it has definite 
.methods of observation and experimrat; it 
has its own “ imiverse of discourse ” which 
does not include transcendental concepts and 
offers no pltimate explanations. 

We ^cannot define Religion,* but we use the 
word * to include all recognition—^whether 
practical, emotional, or intellectual—of an 
independent spiritual reality. It is evidently 
something altogether different from Science; 
it is beyond the high tide-mark of everyday 
emotion and it is on the far side of intellectuid 
curiosity. 

Religion implies a realization of a l^^her 
order of things than those of sense-experience, 
fold it has ^e usual three sides of feeling, 
intdikMitual conviction, and activity* Reh- 
:^on,*%sald ProL James, has mennt many 
in human history. ... « l use the wprd 
in an declaiing;thiit; 

^ so-eaUed mrder of nature,-whicit omn^ 

mm poetlani pC 

o'a-', ' ' i v4;' 
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beyond. tliisr visible worid an nnseen'^vr'^ld 
of whieh we now know noUang positiver buA 
in its rektion to which the true sigmfiinuiee 
of ow present mundane life consists. A inlands 
reiigtous faith (whatever more special items 
of doctrine it may involve) mernis for- me 
essentially his faith in the existence'of an 
uiKseen order of some kind in which the 
riddles of the natural order may be< found 
explained ” (The Will to Believe, 1908, p. 51). 
Prof. A. Tayl<MP writes: “Specificdily 
religious enH>tion, as we can detect it both in 
our own experience, if we happen fp possess 
tike reli^pous 'temperament,* mid ip the 
devotional literature of the world, appems to 
be essentially a mingled condition of eimlta- 
tion and humility arising from an 
sense of communion and co<op»ati<m with a 
power greater and better than ourselves, in 
which our ideas of good find completer realiaa* 
tion than they ever obtain in the em|arioaUy 
Icnown time-order ** (ElemerUe of Afetopikvics, 
'19O0^p.«9O). , 0 , 

/Fayng these descriptions as tyfncid we-afm 
that Belig^ includes what a man does^ and 
' leelsr and thinks when' he has 
. limit of his ordintay practiealif Cinetiamd^ ai^ 
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not tiiat the street, not of the studio, nor 
of the labc^atory. And just as it is impossible 
to speak tiro languages at once, so it is a false 
antit^iesis to contrast scientific and religious 
mterpretations,—they are incommensurable.' 

We wsh in a simple historical way to con¬ 
sider some of the pathways that have led and 
still lead men to religious experience. In this 
way we may be able to discern in part how 
it is that the growth of Science influences 
Beligion, although they are incommensurables. 
We would remind ourselves and our readers 
that the^whole subject should be treated with 
reveripnce and sympathy, tor it is hardly 
possiUe to exaggerate the august rdie of 
religion in human life. Whatever be our 
views, we must recognize that just as the great 
mathemalscians and metaphysicians represent 
the curistocracy of human intellect, so the 
great religious geniuses represent the aristoc- 
ielcy of human emotion. And in this con> 
neetimi it is probably useful to bem* in mind 
that in all discussions about religious ideas or 
teelingS'Vre should ourselves be in an exalted 
^■iiood^'and-yet *‘with a compelling sense^of 
^> 4 !!to 'oim-fimitations,*’ aad of the vasta^and 
ita^'i^siNieuBness of ^ rt?r 
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liiws there is a pathway to reUgion./|, For 
uatold agea Man has heen' depend^t -upon 
Nature* and she has had many hard lessons 
to teach him as to food and safety, as to health 
and ccmduot. Nature has trained her “ insur* 
g^t son ” so that he has entered more and 
more fully into his kingdom. Tlfis has 
happened partly because Man listened to good 
purpose to the voices of Nature and to voices 
which do not belong to Nature at all, but 
partly because^Man, living in him the central 
secret of life which we call variability, has 
dhanged progressively from generation to 
generation as he Has been subjected to Nature’s 
sifting in the Struggle for Existence. These 
three words, which tell half of pmn and haH 
of happiness, mean for Man that he fought 
with wild beasts till he worsted them or tamed 
them, that at great cost he sifted out the 
wholewme from the poisonous- herbs, that, 
cowering and crouching for ages, he watched 
thejdemental forces of Nature till he . wrested 
hiom them their secrets, that he has been to 
his fellows, too, since the I^nnii^^. the 
strangest mixture of self-assertiveness and 
a^p^y, and that he has kept up au' age^ 
long endeavour after well*beingr^ways M 
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Endeav^Hl^, Struggle; Sparing only those 
who will tiecept the life of ease—^which we call 
parasitisiii—Nature has always tended to 
eHminate the sluggish, the unbalanced, the 
uncontroBed, the unwholesome. Wild ani¬ 


mals in Nature have parasites, but the occur¬ 
rence of organic disease amongst them is rare, 
and its elimination is rapid. Nature is all for 
health. And for those who get anything of a 
fair start, health is a curiously sensitive index 
of morals,—^and not for the lower reaches bnly. 

Civilization has indeed mitigated the sever¬ 
ity of J^ature’s Spartan methods, and has 
thrown off,the yoke of Natilral Selection, but 
it has not put an end to struggle nor the need 
for it. We interfere with Nature’s winnowing 
at every tmm, and we are awakening to realize 
the penalty we have to pay for having aban¬ 
doned Nature’s policy without adopting- a 
really humaner one of our own. We are face 
to face with ugly and terrible social arrears^ 
the results of our easy-going regime in which 
superimity does not necessarily profit by the 
rewards of superiority, in which inferiority 
is-ishMded from the evils it entails: 
we cannot return to Nature’s stern‘regln:|^ 


whkdi Plato approved, it behoves' us 
sn?eBueusly to substitute forKaturai Sdeeti^ 
w^Useufiayiatnstli^'ona higherttam^i^ 

^a'itiiitgwt p^ey of Rstibnidf^atMt 
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be finn in the present so that we may less 
miel to the future. We cannot return to 
Nature’s tactics, but we must adhere to heif 
strategy or perish miswably. 

Hudey insisted with his usual incisiveness 
that our only chance of ethical progress was to 
combat the cosmic process, for what he saw 
in. Nature was a vast gladiatorial show, a 
ubiquitous -Ishmaelitism, every living creature 
for itself and extinction taking the hindmost. 
But he did not adequately appreciate the fact 
that throughout the struggle for existence in 
Nature, there is often a pathway to ^survival 
and success thrdugh increased co-operation, 
kindliness, and mutual aid, as welf as throu^ 
increased competition and self-assertion. And 
it is this line of combination and mutual aid 
that man must especially follow; it is the 
one he has followed in making some of Ms 
greatest advances. 

Moreover, is it not generaUy admitted that 
the moral ideal is one of self-realization 
working for our social group, by being good 
dtizens in fact,—^a self-realization wluch 


totpjUes our private subordination to ‘ the 
gi^ial ireal f And is not this ths 'deie^ 


dispeiet d Nature^ strategy, that the indiyjNlo 
lid Ihriii^ crmturelealizto itocl^itt ito^idtor- 
idbllkinsf anil has to dubailt to bdiid .lilKt 
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that* the ideals of ethical progress—through 
love and sociality, co-operation and sacrifice, 
may be interpreted not as mere utopias con¬ 
tradicted by_ experience, but as the highest 
expressions of the central evolutionary process 
of the natural world. 

To retmn to our general theme, we must 
admit that for long ages Man learned in a hard 
'school, and that the severity of the lessons 
often brought him to his knees. It seems, to 
be an historical fact that many a man has 
become^ religious when he reached the limit 
of h^ practical endeavour* and was baffled. 
When our "naive ancestors had done all they 
could and felt themselves powerless and were 
afraid, they -offered gifts, or sacrifices, or 
prayers. It is smely true that the fear of 
Nature has sometimes led men to the fear of 
the Lord. 

. But as Man has become more and more 
master of Nature, he has ceased to offer 
sacrifice or to pray for rain; and this pathway 
to religion is not so well-trodden now as it 
was in ancient days. Let us think vividly of 
our ancestors-^living in caves, fearful of 3^ 
hcMt^ often dying of hunger or of polsou, 
without'wpod-^woii: or ihetals, without, 

quite usable 

,'j^\geftdria|-weaL '.^l?lfhat.Ui:idqntrastf'J^t^^ 

the that bites Man*^ heeLli In 
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nine <»ises out of ten microscopic; year by ^ear 
Man increases his mastery over the physical 
forces; he coins wealth out of the thin air; he 
annihilates distance with his deep devices; he 
makes the ether carry his messages; he is ex¬ 
tending his kingdom to the heavens; and he 
is malang experiments on the control of life. 
And there is nothing to lead us to believe that 
Man has more than begun to enter into his 
kingdom. 

The increasing mastery of Nature and the 
associated enormous increase in hiunan com¬ 
fort and prosperky must be traced' to the 
application of science, and perhapsthis is one 
of the indirect ways in which scientific develop¬ 
ment hinders rather than helps the growth of 
religous feeling. This is a very simple con¬ 
sideration, but surely one of importance, that 
the scientific strengthening of Man’s foothold 
in the struggle for existence ienda, for rougher 
minds at least (and “ we are not all the finest 
Raiian”), to close one of the pathways to 
religion. In saying this we are not unaware 
that the practical tasks ahead tu'e stem 
enou|^. Foe man has still a very imperfect 
mastery of himself and our civilizatkm is fidi; 
of mii^ry. Jfn. face of the often temWtt 
faiklite#.,of human eudeavpur, the element uf^. 
tjcagt^y iu things as they hre, andl the^tduR 
:^<4io;w8 ;thei wsiop? of laitK eartk 

i^;t^t it coutainSikecominl ddd and cindei^^ 
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as t£e moon, many a one of great repute in 
the world of science—^we thii^ of men like 
Clerk Maxwell or Kelvin—seeks to steady 
himself in the thought of some Abiding Reality, 
saying as of yore, “ I will lift up mine eyes 
unto i^e hills.” 

Fbom Emotional Strain to Religion.— 
We have already spoken of Nature’s appeal to 
'the human emotions,—^which seems to us to 
be one of the big formative influences in 
human evolution. Admitting that the emo¬ 
tional note varies with our science, from age 
to age,*and from race to race, we venture to 
say ^t a love of Nature is an essential human 
relation—lost for a while in ultra-urban con¬ 
ditions—^which makes all the world kin, and 
is one of the saving graces of life. 

Our present point is that the sense of 
wonder, for instance, in the presence of 
Nature, which lies near the roots of science 
and of philosophy, is and will continue to be 
one of the footstools of reli^on. Nature is at 
times so overpowering in its beauty or in its 
awesomeness, that we feel it too big for our 
humanity. Thus at the limit of his emotiohid 
t^ion Man has often become a worshipptt. 
Smue indeed—^poets and \>ainters and musie^ 
««Uuis—^find relief in their art, and in this seihi 
liuiintaih there b an essentially reli|^bU^ 
Wind; seems to us quite cleaiF wlU^; 
we etfusider Such magrdfieenl pibce$ el 'j^tie 
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literature as the Nature-Psalms is this^that 
men surcharged with emotion in the eontem*^ 
plation of Nature may keep their sanity by 
finding a religious expression. To the author 
of Fsahn xxix, for instance, the thunder¬ 
storm that passed over the country* was a 
revelation of Ood. We miss the whde point 
if we Suppose that the poet meant to say that 
the thtmder was caused by God speaking; 
*‘He was not in the passionless and prosaic 
state of seeking an explanation of the thunder; 
he was expressing religious experience of the 
most exalted kind.” He was far beyond the 
confines of science, he had been greatly 
thrilled by the storm, and in his exalted state 
of feeling his emotion became religious, he 
heard God’s voice. 

Similarly in Man’s emotional relations with 
his fellows there are heights of joy and depths 
of sorrow hrom which the transition to 
religious feeling is natural, to certain tezur 
|ieraments at least. 

Can it be said that the development of 
science has in any way affected tlm frequency 
with which the enmtional pathway to rdigk>n 
is fiiffloifred ?' It may be that in the rapid 
esdmisioii of sdentifio thinking and sden^fio. 
^qwle^lge some havb lost the soise of ;wondi«. 
tmib is dim to relative %nonmee irithinit 
tiiat:'which ‘ cdmes|';from^ iBftmdledtie. 
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'' ]k»gic£ analysis to all meoiner of emotions 
htM induced a curious sell-consdousness that 
^]inhibits spontaneity of feeling. 

^. We think, however, that if there is a decad-^ 
dace of delight and reverence in the presence 
of Nature, it must be due rather to the con¬ 
ditions of modern urban civilization than to 
the spread of Science. Many men, some by 
dbtoice, and some under coercion, have got quite 
out of touch with Nature, to their own great 
loss. For Man was cradled and brought up 
in Nature, and if, because of civilization, he 
cannot tiny longer continue Jto live in the old 
homd, it is a condition of emotional sanity 
that he should periodically return there, as 
the migratory birds do. It is this old-estab¬ 
lished association, we think, that gives deep 
import to that uprush of feeling from 
below the ordinary level of consciousness’^ 
which we experience when we allow the 
beauty of Nature to play upon us. In Emer¬ 
son’s transcendental language, ** Nature is 
the organ through which the universal sjnrit 
speaks to the individual.” 

Fbom the Riodubs oe the Uezvebse 
TO . Reuoiom. —Having referred to Man’s 
psoi^cal and emotional relations with Nature 
, «nd with: hh iellows, we come to the thi|:^ 
:»idkdae«t, rwipch is hxteUectual or seieni^. 

^voiieefoi: Nature is Endeavour. ^0 

;the.:thirdis>iii^qulzet 
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htindfeds of thousands of years, Natudt has/ 
been setting Man problems, leading hink 
gradually from the practical to the more 
abstract. On the one side there is Man 
—^inquisitive like an animal, but with deepei/ 
devices; on the other side there is Nature ,—a 
rare collecUon of riddles. The sciences are 
the solutions. 

In olden times when the natural sciences 
were young, when few methods of investi¬ 
gation were known, Man found himself 
hemmed in by the unknown and mysterious, 
so oppressively ^at times that a ieligious 
formulation was sought as a welcome refuge. 
At the end of his intellectual tether, Man has 
never ceased to become religious. 

Now-a-days, however, the rapid development 
of Science has cleared away a hundred minor 
mysteries. Problem after problem has been 
solved, and the correctness of the solutions 
has b^n verified in practical mastery of 
Nature. Man’s intellectual tether has been 
greatly lengthened, and there are not a few 
who give the ignorant to understand that 
most of the enigmas of Nature have found 
thei^ anstvers. 

’ Blit, as we have already seen, the solidsiohs 
that Science offers have obvious limitations. . 
They/do not sati^ most men,' who will 
jpcmnst in asidi^ questkms which Sm^nce nevi^ 
:lu^*^dtetiona’^about bi^limings asd^^eti^. 
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\aboue>' meftmiigs and values. Let us recall 
tor a moment some of the limitations. Soien* 
|ific formulations are always in terms of 
something “ given ” which is unexplained. 
|h its historical treatment of things Science 
^Iways Jbcjipns—^not at the beginning, for that 
is impossible, but from something “ given ” 
^ich it does not explain. Moreover, in 
linlung happenings together, it is only in a 
limited set of cases that Science can tell how 
the result is as it is. 

In the common denominator to which 
Science^educes things, in the sequences where 
the resultants seem qualitatively different 
from their antecedents, in the origins from 
which science starts in its genealogies, there is 
mysteriousness. All our scientific experience 
is rounded with mystery. As Sir E. Ray 
Lankester has said; “ No sane man has ever 
pretended, since science became a definite body 
of doctrine, that we know or ever can hope to 
know or conceive of the possibility of knowing 
whence the mechanism has come, why it is 
there, whither it is going, and what may or 
may not be beyond and beside it, which our 
senses are incapable of appreciating, These 
thii^’ are. not * explained ’ by science and 
never can'be.” 

. JH we wUl'vhave for our^ luunan sidisfactioii 
some i^wfh to questions such , as 
;Whieh>.:lie btffan^ .^ciewe, then It mtist b^ a 
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transceadental answer, and that meaiSs fory 
ihost men, who prefer to think nedyety, # 
religious answer. As Cdleridge said: **Alj 
knowledge be^ns and ends with wonder, bnl; 
the first wonder is the child of ignorance; th^ 
second wonder is the parent Of adoratien.** 

The Voices oe Natuke. —^Let us draw 
together the threads of this simple argument, 
which is meant to show how, from the nature of 
the case, the prc^ess of science must influence 
the growth of the religious mood. Nature 
is so great—perhaps infinitdy great—that 
we need not be^too much afraid of verbal 
personification, nor of speaking, for pui^oses 
of convaaience, of the three voices of Nature 
when we simply mean the impulses that 
come from the threefold—^practical, emotional, 
and intellectual—^relation between Man and 
Nature. We are thinking, of course, of word¬ 
less voices, as is said with sublime contradic¬ 
tion in the nineteenth Psalm: Day unto 
day is welling forth speech, and night linto 
night is breathing out knowledge; yet there ts 
no speech, and there ere no words; their voice ' 
has no audible sound, yet it resonates over all 
the (earth.** , vc. , 

^ie ^have hinted at the historical fact thM 
in; hsf^nipg.to these, voiceil, men* hava/(dte»' . 
pa|B^./mtp,.rid[^ e?^Mfi«tM:e, i^oit.b^y 
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he niiy knek in prayor; when a man 
penetratingly thrilled with emotion he inay 
be bome by its ecstasy into worships and 
when a man at the end of his scientific tether 
is’ entirely 'tinsatisfied with his formnlse^ 
necessanly as cold as they are true—^he may 
pa^ by a third portal into conviction of 
religious truth. 

• These seem to us to be historical state¬ 
ments. Though the three pathways indicated 
may not be the only ones, nor the best, they 
are- three pathways along which men have 
passed "to religion. Not that they lead 
inevitably to religious experience, for the 
practically baffled may become a resigned and 
even cheerful fatalist, the emotionally thrilled 
may find a solution in some form of art, and 
the unsatisfied scientific inquirer may settle 
down into a contented positivist. But a 
religious result is just as common. sonte 
degrae the pathways may be called coercive, 
inffleating a sort of bad-weather recourse 
to reli^on, but perhaps bad weather of the 
sorb indicated is part of a normal human 
sxpeiience. 

It seems fair to add another consideration, 
^t'in lii^ning to what*we have called the 
dnseervokfes of Nature, num may be disciplih^ 
hear more August voices.' 
^gj^eorfor food Shil fdbtrhold nmy; ; 

-’’toward^ Ik'' 
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Ml^her gsades of endeavour; to be tlfialled 
witbJbeauty may be a step to loving goodnes$ ; 
and to try to find out what is scientifically 
true in Nature may be the beginning of 
'‘waiting patiently upon the Lord.’* 

. 'While we are convinced that to listen to 
what we have called the three voices of 
Nattire is a normal and necessary discipline 
of the developing human spirit, we do not 
think that Man can find abiding satisfaction 
in Nature’s voices alone. Invigorating, in¬ 
spiring, and instructive they certainly are, 
but, as we hav^ seen, they are full* of per¬ 
plexities, and it is with a certain sad* wist¬ 
fulness that we hear their echoes dying away 
in the quietness of our minds like the calls of 
curlews on the moorland as they pass farther 
into the mist. Happy, then, in that quietness 
are those who have what Sir Thomas Browne 
called " a glimpse of incomprehensibles, and 
thoughts of things which thoughts but tenderly 
touch.” 

It must be carefully noted that we have 
spoken only of those pathways to religion 
which the growth of Science has most directly 
affected. We have not spoken of the ethical 
approach , to religion, by which many tidfie .,. 
reluge. fr(»n the contradictions of moral &c-, 
perience, nor of the approach to religion wldi^ 
ia.vfplk>ired by those who are able to see 
in.i Ustory, and especially in the Founder, of 
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Christiaiuty» a direct Revelation of what is 
otherwise only groped after. 

The CoMFUcm between Science and 
Reuoion. —^It was Clerk Maxwell who spoke 
of the absurdity of trying to keep ** idea-tight 
compantments ” in our minds, and although 
s<Hne men appear to achieve considerable 
success in keeping their scientific convictions 
unrelated to their religious convictions, there 
is an element of grotesqueness in the feat. 
Insulation of this sort is unnatural, and when 
very successful it is pathological. Obviously 
our whdle life should be coiarelated, and it is 
the eftdeavour after unification that is in part 
responsible for the long-drawn-out “ conflict 
between science and religion —a conflict 
which is often deplored, whereas it means a 
wholesome keenness of interest and an ideal of 
dearness and consistency. 

The “ conflict between science and religion ” 
has several forms, which must be distinguished 
from one another, (a) In the first place, 
rdigious feeling is usually associated with a 
content of beliefs, directly based on religious 
experience or dependent on an interpretation 
of human history and of Nattue. In many 
oases the beliefs that rest on interpretation 
^orm part of a tradition accepted unquestidl- 
inily by . facile minds, or independently 
by those who are suiiicient f<tf sudk 
Inquiries.* To aome extent, but to a ecmtmd- 
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ally ^creasing extent, these religious Belidls 
toudik the world of the concrete, and a clash* 
ing with science must arise whenever and 
wherever the form of the religious belief is 
ineottdstent with the results of science. 'A 
typical instance occurred in the infancy- ol 
e3q>arimental science when Galileo’s new as^ 
tronomy could not but clash with a religious 
belief which was for the time being wrapped 
up with the assumption that the earth was 
the steadfast hub of the solar system. Now- 
a-days, however, the religious mind is not in 
the least excited over the question Vhether 
the earth goes round the sim, t>r the stux 
sotind the earth, and this has been one of the 
uses of the conflict between Science and 
Religion,” that the particular “ body ” which 
a religious idea takes, has been mcure and 
more sublimed. In most cases the religious 
idea has become clearer in the process. 

We may say, then, that if the form or ex¬ 
pression of a religious belief is contradict<Mry 
to a well-established fact in the order (d 
Nature, then clashing is inevitable. But tor 
see in this an antithesis between the scientific 
fonhula and the religious idea is a misundei» 
idimding. . . ..r - . - 

(d) La the second place, conflict -and coih 
fuaioin have - arisen. by misguided -aUmnpts -t* 
enaabiae rdi^ous and scientificformulatkms hi 
ihe hope of .thus making things Morei intcl%i 
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iUe. ' instance ^ay be found in the histo^ 

of theocies of orgcu^c evolution. The business 
of -the scientific evolutionist is to show how 
verifiable factors may have co-operated to 
produce the marv^ous results which we see. 
around ^us to-dayi It goes without saying 
that this task has not yet been crowned with 
succe:^. The results often seem strangely 
out of proportion to the known causes. In 
particular it is difficult to give a scientific 
account of the “ big lifts ” in the history of< 
the werld of life. It gives us pause to think 
of the brigin of Vertebrates, of Birds, of 
Mam mals , Of Man. We cannot speak with 
much confidence of the operative factors. In 
spite of this unsatisfactory ignorance, how- 
ever> the scientific mind recoils with a jerk 
from the assiunption of “ spiritual influxes ’f 
or mystical powers of any sort interpolated 
from outside to help the evolving organism 
over the stiles of difficulty The scientific 
task is certainly unfulfilled; it may be beyond 
human attainment to complete it; but we 
aaurt not try to speak two languages at once. 

(c) In- the third place, just as religion is 
often - etssociated with forms of belief whidb 
are unessential to it, and which may - be 
imKmSistent with staentific conclusion^ so 
science goes beyond its own sphere «iad 

beemnis -associated with philosppMcal' doe* 
tthoes winch; are unessential to it,: and.which 
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may .conflict with religious convictions. * Thus, 
to take a familiar instance, materialism is 
not a scientific conclusion, but a {fliilosophical 
doctrine which many students of science 
have embraced. And materialism is in¬ 
consistent with most forms of religious belief 
and experience. The point that we wish to 
make is that the antagonism in this case is 
not between religion and science, but between 
religion and a particular philosophy. 

. (d) In the fourth place the application of 
scientific methods of investigation to the 
forms of religious activity, tends, in*the eyes 
of some at least, to rob them of* that mystic 
-atmosphere apart from which the religious 
spirit cannot breathe. The genetic method 
has penetrated into the realms of religion, 
and we read of the evolution of religious 
ideas, feelings, and rites. They are “ ex¬ 
plained ” and their survival is accounted for. 
Moreover, the psychologist and even the 
physiologist has had his innings, and it seems 
to some as if religious phenomena were 
losing all their religious character. Like 
tender plants drawn out from shadowy 
recesses, they wither quickly in the glare ol 
common day. . Little wonder, then, that those 
to whom religious experience is the greatest 
reality ol their life should regard science as 
■ a,-i6e.._ •* 
r{e); la the fifth plaee» there is an indubitable 
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contoait between scientific and the religi* 
ous mood ; they eannot be simultaneous ; 
they are not likely to be equally strong in 
the same individual; and there are reasons 
why the culture of the former is not favour¬ 
able to the latter. It is important to inquire 
into these reasons. How far is the opposition 
essential and necessary? How far is it due 
to* the limitations of oiir faculties and to 
misunderstanding ? 

It cannot be that Science is satisfied with 
what it has done in the way of giving an 
account hi things, or supposes that it will 
soon be abld to congratulate itself on having 
cleared up all mysteries and explained every^ 
thing. That is a view held only by the vulgar 
and half-educated. As we have said so often, 
Scieppe ultimate explanations. It is 

not its business to try to do so. When Laplace, 
answering Napoleon’s question about God, said 
that he “ had no need of that hypothesis,” 
he obviously meant that that august concept 
was foreign to the astronomical “ universe of 
discourse.” Nor can it be said that Science 
engenders an irreverent spirit; the biographies 
of all the greatest scientific investigators 
show' the reverse. The irreverent and the 
unwondering are to be foimd among those' 
who know least, not among those who know 
most. It is true that minor mysteries dis- 
appear^, or, at least, that they cease to be 
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mysterijoiis in a Jiiupezfidal way, but it has 
b(^ the experience d many a student of 
Science that when the half-gods go the gods 
arrive. 

To understand the antithesis we must 
remember how our habitual occupation influ¬ 
ences the mind. It is the everyday business 
of Science to work with facts, to describe 
these, testing and measuring, to search oUt 
causes, to discover chains of sequence—and 
all in such a way that the work done may be 
universally verifiable by all competent in¬ 
quirers. A scientific datum should *be quite 
impersonal, and the statement bf it 'should 
be quite uncoloured by any emotion. This 
habitual occupation is bound to react on the 
organism; it does not in itself favour that 
subjectivity which is characteristic of religious 
feeling. 

We have to remember also that the scientific 
spirit has been slowly learning the great 
l^son, driven home by positivism—that its 
formulations must be freed from the vague 
and verbal. Science ever brandishes “ William 
of Occam’s razor ” : “ Entities are not to be 
multiplied beyond necessity.” 

., Furthennaore, it Sleems that some importance, 
must be attached not only to fheisoefptie^ 
l^t, which ; is distinctively. 
t^i^^ veiifyi^, „spjWt?~-t^ i 
agr^ic frame of mind, ^e scientific in- 
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quirer^s aware of sc^many enigmas, so many 
unsolv^ or half-sollred problems, that it is 
almofft habitual to Sum to sayt “I do not 
know,’* *' I do not understand.” He has 
learnt to refrain from formulation when the 
data are insufficient; he is accustomed to 
be a^ohtic. Not that he folds his hands 
saying, “ We do not know and we shall never 
know,” his is an active agnosticism. But being 
accustomed to patience, and having seen the 
solution of much that his forefathers called 
insoluble, he will not make haste to adopt 
transcendental explanations of particular 
events^ As Prof. Boutroux •puts it: ** The 
history of science proves that we have a right 
to affirm a continuity between what we 
know and what we do not know. This is 
why the expression, * scientifically inexplic¬ 
able,’ is really without meaning. A mysteri¬ 
ous force, a miraculous fact, assuming that 
the fact exists, what is it but a phenomenon 
whicdi we are unable to explain with the 
help of the laws that we at present know. If 
the impossibility is confirmed, science will 
gb ^ to seek for other laws.” 

Ip this connection, we venture to quote a 
well-known passage from the late Prof. Willi^ 
Jahi^s IFiA to Believe (1M8). **Whm ohe 
tupoot tp the magnificent edifice of the pliy^^* 
aoiid sees 1m>w it was reared; w^tt' 
du^nterested mt»at lii^ 
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lie buried in its mere foimdations what 
patience and postponement, what chokkig 
down of preference, what submissi<m to the' 
icy laws of outer fact are wrought into its 
very stcmes and mortar; how absolutely im< 
personal it stands in its vast augustness,— 
then how besotted and contemptible seems 
every little sentimentalist who comes blowing 
his voluntary smoke-wreaths, and pretending 
to decide things from out of his private dream 1 
Can we wonder if those bred in the rugged 
and manly school of science should feel 
like spewing such subjectivism out of tlKir 
mouths ? ” Wti must remember, however, 
James’s subsequ«at conclusion that ** our 
passional nature not only lawfully may, but 
must, dedde an option between propositions, . 
whenever it is a genuine option that can¬ 
not by its nature be decided on intellectual 
grounds.” 

Our own position is this. Science seeks to 
answer certain kinds of questions in regard 
to Nature and Man and the history of both. 
These answers are very far from being com¬ 
plete, for the world is very large and sdenee 
is very young. But even if the answers wkre 
as emnplete all rc^d as they are already ha 
pacts, and if there were also answers to-4dl 
the sdentifb questions which we'do-not -yet 
ferhsee nm know how to ash« yet tht^ would 
not he ^ a kind to setiefy i&o wfa<tte natiita 
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of the.OTdiniury mftif. We get hints of com¬ 
plementary answers^ in poetic and religious 
feeling, and we see ho reason to believe that 
the o^y approach tb Truth or Reality is by 
the scientific method. The satisfaction we 
reach in poetic and religious feeling is tran- 
soendenthl, on a different plane from scientific 
satisfaction. It is tmverifiable, incommuni- 
caHe, mystical, but—^for ourselves—^true. In 
its mystical character there is danger, but 
the safeguard is in steadying the mind with 
Science and Philosophy—^with which our 
poetry ^d religion must be harmonious. 
Apart from (his, another test* of the validity 
of our mystical feelings and transcendental 
constructions is their value in our life. 

Herbsbt Spencer’s Position. —^As we 
have referred to the religious convictions of 
intellectual giants like Clerk Maxwell and 
Lord Kelvin, so we would in fairness illustrate 
a different position by reference to Herbert 
Spencer, who also belonged to the kingdom of 
genius. Disagree with his views as one may, 
one cannot doubt either the magnitude 
his intellect or his passionate sincerity. 

In early days he was an uncompromising 
critic, of particular theological doctrines and 
religious’ customs, but a wider knovdedge 
op^vinoed'hhu almost against his will, thaft 
•i^ee^sQrt’Of rriigioiM cult has been an indis^ 
peamiile factor in somal pr0£^«88« He looked 
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f<Mrward to* a stage in whieh, “ recogni«{ig the 
myste^ of things' as insoluble, rdigious-organ¬ 
izations will be devoted to etUcid cultiue. 

Thus I have come more and mote to lo^ 
calmly on forms of religious belief to which 
1 had, an earlier days, a pronounced aversion. 
Holding that they are in the main daturally 
adapted to their res^pective peoples and 
times, it now seems to me well that they 
should severally live and work as long as 
the conditi<His persist, and, further, that ' 
tmdden changes of religious institutions, as 
of political institutions, are certaijn to be 
ffdlowed by reactions. ^ . 

If it be asked why, thinking thus, I have 
persevered insetting forth views at variance 
with current meeds, my reply is the one else- . 
where made: ‘ It is for each to uttm that 
which he sincerely believes to be true, and, 
adding his unit of influence to all other units, 
leave the residts to work themselves out.* ’* 

' Lfugely, however, Spencer’s change of mood 
in regard to rdigious creeds and inStitutimis 
result IrtHn “ a deepening conviction that 
the sphere occupied by them can never 
become an unfilled sphere, Imt that tfawre 
mist Oontintie to furise aftet^ the'great qiMS- 
timia eeneenaiing ourselves and amrona^Hg 
ityngBf'and that, iiimt^positive aiiswei%ftiiyii,^ 
eonl«dousness atandiiM; in • . 
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■ We ve^twre to qjiote a scMjaewh^ lengthy 
pa 89 c 4 (e Jbeoause off its quite unique interest 
in r^srd to the |clations between sciiu^ce 
and religion - 

** By those who know much, more than by 
those >tho know little^ is there felt the need 
tor explanation. Whmce this process, in- 
eonceivable however symbolized, by which 
■alike the monad and the man build themselves 
up into their respective structures ? What 
.must we say of the life, minute, muititudiimus, 
degrad^ which, covering the ocean-floor, 
occupies bjr ftir the larger pdrt of the Earth's 
area; and which yet, growing and decaying 
in utter darkness, presents hundreds species 
of a single type ? Or, when we think of the 
myriads of years of the Earth’s past, during 
which have arisen and passed away low forms 
«l creatures, snudl and great, which murdering 
and being murdered, have gradually evolved, 
-how shall we answer the question : To what 
end ? Ascending to wider problems, in which 
■way are we to interpret the lifelessness of 
-the greater celestial masses, the giant.|>{anets, 
and the Sun; in proportion to whieh the 
halntable planets are merp nothings.? U we 
-fmas Irom-thesc nriatlvdy near ixMiies to^■hhe' 
of ronote sunk sasd tsnlir 
i^Slems, where shall we find-n reami&dsr. 
th^ > uw^a^wif^jMaiNsiy, 
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' infinite in'nmount''compered with the jexist* 
enee which is conscious—waste Univ^se as 
it seems ? Then behind these mysteries lies 
the all-embracing mystery—^whence this uni¬ 
versal transformati<m which has gone pn 
unceasingly throughout a past eternity and 
will go on unceasingly throughout d future 
eternity ? And along with this rises the 
paralysing thought: What if, of all that is 
thus incomprehensible to us, there exists ho 
comprehension anywhere ? No wonder that 
men take refuge in authoritative dogma! 

“ So is it, too, with our own natives. No 
less inscrutable ^s this complex cpnsciqusness 
which has slowly evolved out of infantine 
vacuity—consciousness which, during the 
development of every creature, makes its 
appearance out of what seems unconscious 
matter; suggesting the thought that con¬ 
sciousness in some rudimentary form is omni¬ 
present. Lastly come insoluble questions 
.. concerning our own fate: the evidence seem- 
r Ing so strong that the rdations of mind and 
nervo^ structure are such that the cessa- 
.. timi of the one accompanies dissolution of 
the other, while, simultaneously, comes the 
^on^t, so strangf and so difficult to realise, 
with death there lapses both the con- 
" siidoiisiM# Of e^sistmice and the oonsciousneas. 

eieeds, wlseh in. cHse wfy 
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or other occupy tlie sphere thet rational 
interpretati(m seeks^to occupy and fails, and 
fails the more it seeks, I have come to regard 
with a sympathy based on community of 
need: feeling that dissent from them results 
from inability to accept the solutions offered, 
joined -Arith the wish that solutions could be 
found ” (Spencer, 1898). 

' Contributions of Science to Reuoion. 
—Some people are disappointed because 
scientific investigation gives no direct support 
to religipus convictions, but this shows a mis- 
tmderstanding of what is nteant by science 
and by r^igion. Science establishes con¬ 
clusions which the religious mood may utilize, 
just as philosophy utilizes them, and trans- 
figure> just as poetry transfigures them; but 
it is the common confession of the scientific 
mood throughout all the ages that we cannot 
by searching find out God.” 

But is it not much that Science discloses 
more and more fully l^e intelligibility, the 
ordeiiiness, and the progressiveness of Nature ? 
These are big intellectual assets. Is It not 
much that Science discloses mcNre and more 
fiiHy the wonder of the yorid—^the immetiff 
sities and the intricacies, the changing ord^ 
imd the orderly changes, besides all tl^ beauty 
in depths and heights which , thn uiUK^t^ 
oaanot see ? These aie^Ug. emOlimal. 
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assets. Is there not pracUcid value, .too, 
both of encouragement and wamiug, tn the 
sdentific view that it is. an ascent,., not a 
descent, that is behind us—and in front of us 
too, we hope ? Everything seems to indic^ 
that it is an increasingly controllable future 
that lies before us here,, and it surely adds 
zest to our life to feel that we can share 
in the “ increasing purpose ” of evolution, in 
the working out of what seems like a grekt 
mid beautifiil thought. 

It is also fair to recognize that Science has 
done well by Religion in eliminating much 
that is superstitious, and it seems very unlikely 
that its useful function in this direction has 
been completed. As the late Prof. W. James 
said: ** What mankind at large most lacks 
is criticism and caution, not faith.” What 
some, he went on to say, ” most need is that 
their faiths should be broken up and venti* 
lated, that the north-west wind of sciei^ 
should get into them and blow their sickliness 
and barbarism away.” 

Summary.— Science and Religion ofe in- 
eemmensurables, and ihere is no true anUiQume 
between them—they belong to different, uni' 
vereee of diseowree. Science is descript^ 
off am no ultimate aeplanation ; B^igion . ^ 
mysii^ and interpretative, implying a reafitia- 
of a higher order of things ti^ ihose. M 
nense’inperienu* Men are led fo religion al^ 
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many yalOvaays — jro^ the coniradicHone of the 
morat life, from the facte of history, and from 
what is esBperieneed iat the Hmits of praidiibed 
mdeavottr, emotioned strain, and inteUectued 
inquiry. It is not difficult to see why (he rapid 
development of Science should have affected, for 
d time of transition at least, the frequency with 
which men tread (he last-named three pathways 
to religion — namely, from baulked struggle, 
strained emotion, and baffled inquiry. The 
sO’CaUed “ conflict between science and religion'* 
depends in part on a clashing of particular 
entpressions of religious belief with fads of 
sciencq,*or on a clashing of particular scientific 
philosophies with religious feeling, or on attempts 
to combine in one statement scientific and re¬ 
ligious formulations, or on the application of 
psychological inquiry to (he phases of rel^ious 
experience, or on (he contrast of the two moods. 
But the bulk of the conflid is due to a misunder¬ 
standing, to a false antithesis between incom- 
mermtr(d>les. While Science can give no dired 
support to religious convictions, it establishes 
conclusions which the religious mood may 
'^Uxe, just as philosophy utilizes them, and 
transire, just as po^ transfignres them*: 



CHAPTER VIII 

THE UTILITY OF SCIENCE 

** The end of our foundation [Salomon’s 
House in the New AtlaniisJ is the knowledge 
of causes and the secret motions of things; 
and the enlarging of the bounds of human 
empire, to the effecting of all things possible.’? 

Francis Bacon. 

0 > • 

Science for its own Sake—Science and Practical Lore— 
Science and Occupation—Illustrations of the Practical 
UtOity of the Sciences—Danger of Utilitarian Criteria 
—Fundamental Value of Theoretical Science "—His¬ 
torical 111ustrations—Socialized Science—Summary. 

Science foe its own Sake. —To see things 
and happenings clearly, both in. themselves 
and in their relations to other things and 
happenings, is the aim of science. And no 
one who enjoys scientific work—^whether at 
the humble level of accurate description, or 
at the high level of discovering a formula— 
cares to hear much about the “ utility of 
sdence.” No artist Jikes utilitarian valuations 
of hit art, and the scientist imderstands lidm 
in this^t least. I also am an artist, he says,* 
or von^ to that effect, meaning (1) that a 
sdentifio investigation is, like a, picture, an 

226 
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endeavour to get at l^e setting and significance 
of things or e^jtf^^±lytAhere is a d^U^t 
and an ende&8W^*^enMfif>fltU|gtei S M iB iip 
that is its 

the higher rea^f§/^9ii8i5l<i«<^”ttej^covery 
of a formula, a genex.abclaWra^tMKiignB^0a 
homolo^, an in CT it may 

be—^is in some mc^sug|^g^gpysonal achieve- 

“ Science for its own sake,” like “ Art for 
Art’s sake,” is an autonomy worth fighting 
for. Both scientific inquiry and artistic 
device Are natural and necessary expressions 
of the evolving human splHt, and for this 
reason a utilitarian apology for either is 
gratuitous. Scientific inquiry is noble in 
itself, and it is its own reward. As Bacon 
said : ” We see in all other pleasures there 
is satiety, and after they be used their verdure 
departeth. . . . But of knowledge there is no 
satiety, but satisfaction and appetite are 
perpetually interchangeable, and therefore it 
appeareth to be good in itself simply without 
fallacy or accident.” 

ScisNCB AMI) Fracticai, Lorx. —^IBstorical 
inquiry shows that the concrete sciences grew 
out of practical lore, and Jthat even after they 
began to stand on their own legs as indepen- 
*dent thecMretical interpretations of Nature, 
Hiey have c^n received fresh stimulus by 
emning back to practical problems. Did not 
H a 
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botany arise out of herb-gathormg and. gar- 
deiung^ and has not botany as a scienee got an 
uplift from all its numy contacts with human 
needs ? We think of yeast and fermentationsi 
of bacteria and diseases, of diatoms and firii- 
supply, of breeding experiments and the 
improv^oaent of our food*plants, of plant- 
assodations and inter-relations in their 
bearing on the perennial problem of making 
the most of the Earth for our children as well 
as for ourselves. 

The lore of the hunter, the fisher, the shep¬ 
herd is older than all zoology, and every 
thoughtful naturalist will agree that his science 
runs a risk of losing vitality and real pro¬ 
gressiveness if it gets too far away from the 
actual life of animals as it is lived in Nature. 
Nay more, that just as a stimulus has been 
periodically given to zoological studies by the 
return of a great expedition,' such as the 
ChaUeng/er, with its enthralling splendour of 
animate spoils, so the tackling of some practir 
.cal problem of real moment has often bew 
followed by some impulse to pure scienee. • 

It is perl^ps going too far to say with Prot. 
Espinas: ** Fraerice has always gonain advance 
of themy *’ i but there is no ^ubt that sei^uie 
and Tpractice act and react most b^ttficitdy|y 
jupon cme another. Sdence has groam ont.i(^ 
.pcactteal lore,, and it has nQthing4o gaiht:,bi^ 
much to los^ by forgetting its 
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Perhaps, howev^, there is still some danger 
—thou^ it is rapidly diminishing—of practi¬ 
cal lore reusing the aid of science. The old 
farmer, who has made his fields and his stock 
pay for half-a-century, has no use for the new 
science of the living earth, which teems with 
Protozoa as well as with Bacteria, and he has 
no appetite for Mendelism. The old fisher¬ 
man, who has sometimes an almost uncanny 
skill in reading the riddle of the sea—^in finding 
out where he is and where the fish are likely 
to be—^is not athirst for ichthyological in¬ 
struction, though, as a matter of fact, when 
he is*appr«ached S3anpathettcally, and as one 
who has something to impart as well as to 
receive, he often proves himself an effective 
student. We need not multiply examples, 
for the point is a simple one. 

Much of the practical lore is thoroughly 
scientific though it may never have il^n 
stated. The use of instruction is to make it 
conscious, communicable, and more plastic, 
and to get down to the principles which it 
unconsciously illustrates. For wonderful as 
is the lore that comes from instinctive insHht 
to start with and long experience to back 'v . 
up, it not only tends to die with its possessor*, 
but like instinct, as contrasted with intedi- 
gaice, in animals, it is apt to be thrown out 
'<d gear by some slight change in the conditions 
of applioatioii. ’ . • » > . 
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sympathy for all i>ccupatioiis.'* (Bran{ohl» 

ScifiNCE AND Occupation.— ^!ii aD address 
Tvith this title {Journal of Education, June; 
1904), Mr. Benchara Branford expounds “ thie 
deep truth, that all theory, all knowledge, 
all the broad groups of sciences, ori^nally 
sprang from the experience gathered by man 
from one or other of his numerous occupa>, 
tions.” ** We must not imagine that science 
floats, as it were, in the clouds, serenely 
isolated from the hum and bustle and occupa* 
tions of the busy world, and developing in 
some mysterious %r&y of its own.” „ “ Science 
ultimately sprang, and is continually spring¬ 
ing, from the desires and efforts of men to 
increase their skill in their occupations by 
understanding the eternal principles that 
underlie all dealings of man with Nature 
and of man with his fellow-men.” “ And 
if science ultimately has sprung from, and is 
continually springing anew from, occupations, 
siaence has repaid the debt both by lendcsciftg 
those who follow her teaching more skilt^ 
in their occupations and by actually giving 
rise by her discoveries to absolutely new 
types. of occupations^. One of. the great con¬ 
ditions of htunan progress is this unceiuiihg 
reciprocal rolationChip between .oooupaf«% 
iMul eciencet each Constantly prodd^g lum 
by the otl^. 
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institnces I shall ch4ose one striking example ol 
the. development o|; science from occupation. 

“ Honge was bhm the son of a French 
jgedlar about 1750. The construction of a 
plan he made of his native town brought the 
boy under the notice of a colonel of Engineers, 
who got him admitted to one of the military 
schools. His humble birth precluded him 
'from receiving a commission in the Army, 
but he was taught surveying and drawing; 
though he was told he was not sufficiently 
well bom to be allowed to attempt problems 
which* required mathemaycal calculations. 
At l^t h& opportunity came. He observed 
that all the plans of fortifications were con¬ 
structed by long and tedious ari^meHcat 
calculations from the original observed meas^ 
urements. Monge substituted for these a 
geometrical process he had invented which 
produced the plan so qxuckly that the officer 
in charge refused to receive it, because pro¬ 
fessional etiquette required that no less than 
a certain time should be spent over maldng 
these drawings. When once examined, its 
obvious superiority was recognized. Thbst 
geometrical process discovered, by Kongo 
-^as nothing less than a* new bran<m of geo- 
students of en^ilpee?^^ 
^ : priu^jid: «oB^ gecsnrtry-^ sira^p^C i^ 
.n«nili?ye, inethbdi"'piVf^..' 
s^' 9H^ <m. be' ^ 
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seated adequately by constraction on a plane 
—a method whose practical, or, let me say, 
occupational, value can scarcely be over¬ 
estimated, and the further development of 
which- by Monge had far-reaching effects 
upon mathematical science itself. Here we 
have a new and distinct branch of science 
springing directly from the occupation of war, 
on its engineering side.” 

Illustrations of the Practical Utility 
OF THE Sciences. —^The long list of what are 
called “ Applied Sciences ”—^a term which 
Huxley hated so heartily—shows the niipaber 
and the variety of the practical utilizations of 
Science. We cannot give more than a few ex- “ 
amples, which may be multiplied by reference 
to other scientific volumes in this Library. 
Thus while every one knows more or less 
clearly that astronomy still continues to be 
of use in navigation, we find in Mr. Hinks’s 
fascinating volume that the science also earns 
its living by helping the surveyor and the 
map-maker, and by supplying the world with 
accurate time. Even to ships upon the sea. 
the astronomers now tell the time of day by 
wireleiss telegraphy. . 

Numerous chemical arts—such as brevring, 
soap-making and dyeing—^were praiitised be- ^ 
fom there was a science of chemistry, but 
tlije multiplication of these u4<ier ^rtct 
seientific stimulus is past tellihg. Think 
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onlyv for instance, of the cyanide processes, for 
the recovery of gold from its ores, of the 
technical development of benzene and its 
derivatives, of the electro-chemical- industry^ 
Of the improvement of steel-making, of the 
synthetic production of substances like indigo 
which were formerly procurable only as 
natural products, and of the utilization of 
.the nitrogen of the air in the manufacture of 
fertilizers. Among the many practical bene¬ 
fits resulting from the development of physics, 
we naturally think first of some of the mere 
recent*—the telegraph, the telephone, wire¬ 
less l;elegraphy, electric nfotors, and flying 
miachines. From the sciences of the earth 
man has profited enormously—for they have 
led him to stores of coal and iron and 
other buried treasures. From oceanography 
already there are conclusions of importance 
in connection with fisheries, and meteor¬ 
ology, another very yoxmg science, has 
already to be thanked for much saving of 
life and wealth through its prophetic weather 
reports. 

On the biological side we may mention, 
as diverse illustrations, the applications of 
bacteriology in surgery,‘hygiene, agriculture, 

, and the preservation or improvement of food; 
the application of “ protozoology *’ to the 
study of "Isuch diseases as p^brine in silk¬ 
worms and sleeping-sickness in man ; the 
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influence on medicine of the physiological 
discovery of internal secretions like those of 
the thyroid gland and the suprarenals; the 
study of the whole economy of the sea in 
relation to various kinds of fisheries; and tfate 
utilization of Mendel’s principles of heredity 
in the practical improvement of domestic 
animals and cultivated plants. 

In his Wonderful Century Dr. Alfred Russel 
Wallace made an interesting comparison 
between the practically important applica¬ 
tions of science in the nineteenth century and 
those in all preceding centuries. Among new 
departures of the nineteenth centviry he 
reckoned thirteen as of first importancef 
namely—^railways, steam-navigation, electric 
telegraphs, the telephone, friction matches, 
gas lighting, electric lighting, photography, 
the phonograph, Rontgen rays, spectrum 
analysis, the use of aneesthetics, and the use 
of antiseptics. In all preceding time he 
reckoned only five inventions of the first 
rank—^the telescope, the printing press, the 
mariner’s compass, Arabic numerals, and 
alphabetical writing, to which may be added 
the steam-engine and the barometer, “ making 
seven in all, as against thirteen in one single 
century.” Perhaps this estimate was a little« 
more gen^ous to the nineteenth cmtuxy 
than to those before it, but it is ccArtainly foir 
«dough to blihg out in a very interesting way 
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the concomitance of the progress of science 
and practically important inventions. 

Danger of Utilitarian Criteria. —The 
list of practical benefits which Science has 
cbnferred on man might be greatly lengthened, 
but wljat we have given is perhaps sufficiently 
representative, and there is much risk of over¬ 
emphasizing the utilitarian criteria. The too 
intensely practical man has got so accustomed 
to the fruits of Science that he is apt to forget 
that these cannot be forthcoming if the roots 
die. Therefore to the critic who growls over 
the tij»e spent on studying sea-weeds, when 
“ whRt wo want is more whAt,” over embryo- 
Jogical research instead of fish-hatching, over 
the theoretical puzzles of geology instead of 
the search for more coal and iron, we must 
answer, first, that man does not live by bread 
alone; second, that he must be patient if his 
desired practical results are to be sure; third, 
that Science is a imity, and the theoretical 
foimdation is essential if there is to be pro¬ 
gressive practical application; and, fourth, 
that, as a matter of fact, it has often been 
from the most impromising theoretical in¬ 
vestigations that great practical discoveries 
have come. Even for the sake of practice, 
Sdence should never submit to the over- 
practical man’s canon which makes imme¬ 
diate utility a stringent criterion of worthiness. 
4 To-day, as much as ever, when tho eni^usi- 
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asm for “ practical results ” is so strong, we 
do well to remember the distinction drawn 
by Bacon, nearly four hundred years ago, 
between those results of Science which are 
light-giving (lucifera) and those which are 
of direct practical utility (fructifera). Re¬ 
garding which, he came to the memorable 
conclusion : “ Just as the vision of light itself 
is something more excellent and beautiful 
than its manifold use, so without doubt the 
contemplation of things as they are, without 
superstition or imposture, without error or 
confusion, is in itself a nobler thing than a 
whole harvest of inventions.” Ib is atfi in¬ 
tolerable narrow-mindedness which supposes^ 
that a science can be judged only by its 
practical fruits and not also by its virtue of 
illumination. 

Fundamental Value of “ Theoretical 
Science.” —^This little book will not have been 
written in vain if it contributes to expose the 
pernicious fallacy, which has deceived many, 
that science can be pruned of its theoretical 
developments and yet continue to bear fruit. 
It is supposed by the ignorant that these 
“efflorescences” could be dispensed with— 
mere luxuries of the. intelligence, and out of 
place in a utilitarian age. The fact is that 
they are the blossoms, which in pait become 
fruitSi 

One of the deleterious results of the fallacy 
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is that it has suggested to students and 
directors of studies—^at all levels—^the mis¬ 
taken policy of trying to secure a “ technical 
education without an adequately substantial 
scientific training. Perhaps this is a Nemesis 
on thq heels of ultra-academic curricula which 
might have been orientated in relation to 
practical professional problems without any 
. loss in the thoroughness or all-roundness of the 
scientific discipline; but the recoil is resulting 
in a technician who is insufficiently grounded 
in the principles. 

Students of Science have indeed primarily to 
do with the kind of investigation whose results 
. Bacon called lucifera, but our point is that this 
IS the surest, and sometimes even the shortest 
road to that other kind of result which he 
called frticlifera. In one of his lectures 
Prof. Karl Pearson makes the following 
impressive statement of his own experience; 
“ I have been engaged for sixteen years in 
helping to train engineers, and those of my 
old pupils who are now coming to the front 
in life are not those who stuck to facts and 
formulse, and sought only for what they 
thought would be ‘ useful to them in their 
profession.’ On the contrary, the lads who 
paid attention to method, who thought more 
of proofs than of formulae, who accepted 
even the specialized branches of their training 
as a means of developing habits of observAtion 
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rather than of collecting * useful facts,’ Ihese 
lads have developed into men who are suc¬ 
ceeding in life. And the reason of this seems 
to me, when considering their individual cases, 
to be that they could adapt themselves to im 
environment more or less different from that 
of the existing professioii; they could go 
beyond its processes, its formtdse, and its 
facts, and develop new ones. Their knowledge 
of method and their powers of observation 
enabled them to supply new needs, to answer 
to the call when there was a demand, not for 
old knowledge, but for trained brains.V . . . 
“ The only sort ’of technical education the 
nation ought to trouble about is teaching 
people to see and think.” ...” What we 
want are trained brains, scouts in all fields, 
and not a knowledge of facts and process^ 
crammed into a wider range of untrained 
minds.” It comes to this: that, on the whole, 
the deeper and more difficult studies, which 
stretch our brains most, are of much more 
value, even technically, than what are called 
” useful facts.” 

In an interesting address on ” The Debt tH 
the World to Pure Science,” Prof. J. J. 
Steph^son points out that the fundamental 
importance of abstruse research receives too 
litde consideration in our time, except, iff 
course, from those who really kitow. The 
practical side of life is all-absorbent, and it is 
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forgotten that “ the foundation of industrial 
advance was laid by workers in pure science, 
for the most part ignorant of utility and caring 
little abbut it.” . . . “ The investigator takes 
the first step and makes the inventor possible, 
Thereafter, the inventor’s work aids the 
investigator in making new discoveries to be 
utilized in their turn.” 

• It is quite plain from the history of Science 
that the practical value of Science is in direct 
proportion to the precision of scientific 
methods, and that the most ” theoretical ” 
investi^tions have often had^practical results 
of extraordinary magnitude. It is not merely 
that the theory forms the foundations of the 
Science, there is another reason. Scientific 
descriptions increase in value as they become 
absolutely impersonal, as they become per¬ 
fectly precise, and especially as they become 
condensed general formulae which will be 
applicable to an infinite variety of particular 
situations. There is no doubt that the quiet 
thinkers in the scientific cloisters are, like the 
poets, the makers and shakers of the world. 

Historical Illustrations. —Only the ex¬ 
tremely ignorant can question the utility of, 
^et us say, the prolonged application of 
Sreek intellect to the laws of conic sections. 
Whether we think of bridges or of projectiles, 
of the curves of ships or of the rules of navi¬ 
gation, we must thbk of conic sections. The 
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rules of navigation, for instance, are in part 
based on astronomy. Kepler’s Laws are 
foundation-stones of that science, but Kepler 
discovered that Mars moves in an ellipse 
round the sun in one of the foci by a deduc¬ 
tion from conic sections. As Laplpce said, 
“ Without the speculations of the Greeks on 
the curves formed from the section of a cone 
by a plane, these beautiful laws might have 
been still unknown.” Yet the historical fact 
is that these conic sections were studied as an 
abstract science for eighteen centuries before 
they came to be of their highest use. • 

Those who d&ubt the value of thebretical 
researches ” should study Pasteur’s life and 
observe how his services to mankind were based 
on inquiries which seemed at first sight 
remote from human application. It is true 
that Pasteur may be interpreted as the 
master-peasant, and the tanner’s son (see 
Evoltition, p. 224), but this need not keep 
us from recognizing that his researches form 
an intellectual chain, the first link of which was 
a study of the crystalline forms of tartrates. 
Thus, justly, the list of his achievements, 
recorded arotmd his tomb, begins with ” M<de- 
cular dissymmetry; 1848,” an almost diagram- 
matically theoretical beginning for a series 
researches'which have had such a deep and 
extemnve influence on the life ot Man. 

The twitching of the legs of Galvani’s frogs 
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was studied as a theoretical curiosity; who 
could have foretold that it pointed to tele* 
graphy ? It was not for practical purposes 
that William Smith plodded afoot over 
England, neither resting nor hurrying in his 
exploration of the strata, but how much of the 
exploitation of our country’s mineral resources 
had its origin in his maps ? The important 
method of spectrum analysis had its beginning 
in some apparently insignificant observations. 
Who can say that the early steps which led 
to finding a cave of treasures (not altogether 
without alloy) in coal-tar had, to begin with, 
any pfactieel outlook ? • 

, From an address on Technical Chemistry, by 
Prof. C. E. Munroe, we take another striking 
case. “ The experience of the past has re¬ 
peatedly demonstrated the commercial possi¬ 
bilities that are latent in scientific theories. 
A famous example is found in the commercial 
development of benzene. Lachman, in 1898, 
after referring to its discovery by Faraday 
in 1825, and its production from benzoic acid 
by Mitscherlich nine years later, says ; ‘ These 
famous chemists little thought that their 
limpid oil wordd one day lay claim to be 
the most important substance in organic 
^^emistry; that it would ^ve birth to imtold 
thousands of compounds; that it would revo¬ 
lutionize science and technology. The tech¬ 
nical development of benzene and its deriva- 
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tives employs over fifteen thousand workmen 
In Germany alone; the commercial value of the 
products reaches tens of millions of dollars. . .. 
Nearly aU of this tremendous activity is due to 
h single idea, advanced in a masterly treatise'by 
Auguste KekuU in the year 1866* ” , 

It is a commonplace that the developments 
of steam-power, electric Telegraphy, Tele" 
phony, and Dynamo-electrical machinery, 
which have changed human life so markedly, 
have come about in association with new 
theoretical developments in the sciences of 
heat and electricity. To substantiate this 
precisely is nol difficult, but an analogous 
case will, we think, suffice for demonstration. 
When ftof. William Thomson published, in 
1858, in the Philosophical Magcaine, a stiff 
bit of mathematical analysis, which laid the 
foundation of the theory of electric oscilla¬ 
tions, there can have been few who saw in it 
the basis of wireless telegraphy. 

In this connection, it is very interesting 
to hear Lord Kelvin’s own opinion, for he 
excelled alike in theoretical insight and in 
practical application. After speaking of “ the 
vast resources which we derive frmn direct 
applications ofmoflem science,” •“ of the im- 
tnbnse practical importance of the principleit^ 
of Natural Philosophy,” ■ he says; ” We 
must not, however, by considortCtions of this 
kind^ be led to regard ai^lieati<ms to the 
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ordinary purposes of life as the proper object 
and end of science. Nothing could more 
effectually stop the advancement of know¬ 
ledge tluin the prevalence of such views; 
evfeh the desired practically useful discoveries 
would Qot be made if researches obnoxious 
to the fatal question cui bono were to be 
uniformly avoided. . . . Oersted would never 
have made his great discovery of the action 
of galvanic currents on magnets had he 
stopped in his researches to consider in what 
manner they could possibly be turned to 
practical account; and so we should not now 
be abfe ter boast of the winders done by 
the electric telegraph. Indeed, no great law 
in Natmral Philosophy has ever been dis¬ 
covered for its practic^ applications, but the 
instances are innumerable of investigations 
apparently quite useless, in this narrow sense 
of the word, which have led to the most 
valuable results.” 

Dr. A. E. Shipley has recently called atten¬ 
tion to two diagrammatic illustrations of otrr 
theme. ‘‘ A few years ago no knowledge 
c<mld seem more useless to the practical man, 
no search more futile than that which sought 
to- distinguish between dne species of gnat 
tick and another; yet that knowledge has 
rendered it possible to open up Africa and 
to cut thd Panama Canal. This witness,” 
Mr. P. A. Dboey remarks, “is true; and it 
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would be difficult to point to a more com¬ 
plete demonstration of the fact that natural 
knowledge, pursued for its own sake, without 
any direct view to future utility, will often 
lead to results of the most unexpected kind 
and of the very highest practical importance V 
{Nature, Sept. 2, 1909). 

We see, then, that undue insistence on the 
practical utility of science is not historically 
justified, and that hasty criticism of lines 
of scientific work as purely theoretical is 
likely to be very unjust. What practical 
result may flow from an apparently abstruse 
and detached investigation no One' is wise 
enough to predict, and inventions usually rast 
on a patiently established theoretical basis. 
Minerva-like birth of discoveries is rare. 
As Prof. Stephenson puts it: “ Discoveries 
which prove all-important in secondary 
results do not burst forth full grown; they 
are, so to say, the crown of a structure raised 
painfully and noiselessly by men indiflerent 
to this world’s affairs, caring little for fame 
and even less for wealth. Facts are gathered, 
principles are discovered, each falling into 
its own place until at last the brilliant crown 
shines out, and the world thinks it sees a 
mii'ade.” 

The ultra-practical man’s impatient 
“ What’s the use of it ? ” may be occasion¬ 
ally a sound corrective, since science, as well 
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as art* requires to be socialized. But it 
often reveals an intellectual shortsighted¬ 
ness. As Sir Lyon Playfair once said; “ Truer 
relations of science to industry are implied 
in Greek mythology. Vulcan, the god of in¬ 
dustry, vrooed science, in the form of Minerva, 
with a passionate love, but the chaste goddess 
never married. Yet she conferred upon man¬ 
kind nearly as many arts as Prometheus.” 

Socialized Science. —But how does the 
idea of science for its own sake harmonize 
with that expressed in Spencer’s sentence: 
“ Scientft is for Life, not Lif^ for Science ’! ? 
There is no antithesis. 

TL. Science is certainly for the development 
of life, but “ life ” must not be conceived of 
narrowly. ” Is not the life more than meat, 
and the body than raiment ? ” 

2. Moreover, for educated men in modern 
civilized communities, life must be to some 
extent for science, if it is to have any degree 
of completeness. 

8. Our point has been that Science will do 
best for the citizen if it is left to attend to its 
own business. 

On the other hand, wh^le we may not be 
able to say of any specialized line of scientific 
dhquiry that it is not of value to human 
life, there arp some which are more promising 
a.nd' urgent than others. Many kinds of 
quantitative descriptive work, which afford 
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very enjoyable occupation to naturaliiSts and 
very useful disciplining material for ap* 
prentices, are not particularly urgent. And 
eventtfally we must admit that men of science 
are the intellectual advisers and educators 
of the gret^ ii^ass of humanity who>are con¬ 
cerned with the fundamental problem of 
bread and butter, with the science known as 
“ Brodwissenschaft.” 

Therefore, since scientific investigators are • 
as liable to preoccupation as other men, ^ 
it is well that prominence should be given 
to the human^ ideal of social!wd*f;cience. 
Baccm got at it long ago in the* des^cription 
which he gives of the true spirit of the scientific 
investigator in afamous passage in the A^ance- 
ment of Learning: “ This is that which will 
indeed dignify and exalt knowledge if con¬ 
templation and action be more nearly and 
straitly conjoined and united together than 
they have been; for men have entered into 
a desire of learning and knowledge, sometimes 
upon a natural curiosity and inquisitive 
appetite; sometimes to entertain their minds 
with variety and delight; sometimes for 
ornament and reputation; and sometiines,to 
enaMe them to vict^ of wit and contr^o 
diction; and most tifies for lucre and prdk 
fession; and seldom sincerely to give a true 
account of their gift of reasob to the boi^t 
of man; as if thdre were sought in knowl^i|4 
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a couoh whereufiion to repose a searching 
and restless spnit; or a tarasse for a wander¬ 
ing and variable mind to walk up and down 
with a fair prospect; or a tower of state for 
a'prbud mind to raise itself upon; or a fort 
or commanding ground for strife and con¬ 
tention; or a shop for profit or sale; and not 
a rich storehouse for the glory of the Creator 
and the relief of man’s estate.” 

But there are two sides to this idea of 
socialization, the other being the duty of the 
State to utilize the resources of Science in the 
solution ^f practical problems. Whether we 
think oM;he*more effective arid less wasteful 
exploitation of the Earth, or of the gathering 
in of the harvest of the sea, or of making 
• occupations more wholesome, or of beauti¬ 
fying human surroundings, or of exterminat¬ 
ing infectious diseases, or of improving the 
physique of the race —vre are filled with 
amazement- at the abundance of expert 
knowledge of priceless value which is not 
being utiliild. 

As to what may be called the moralization 
of Science—^this is a subject on which only the 
high priests in the temple should speak, and 
we shall not do more thait recall the noble 
words of one of these. Helmholtz writes: 
‘•'As the highest motive influencing my 
work->-<thougb not reached in my early ye«rs 
•*-tii^;the thought of the civilized world as 
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a constantly developing and living. whole, 
whose life, in comparison with that of the 
individual, appears as eternal. In the service 
of this eternal humanity my contribution to 
knowledge, small as it was, appeared in ‘the 
light of a holy service, and the worker him¬ 
self feels bound by affection to tlie whole 
human race, and his work is thereby sanctified. 
This feeling all can theoretically understand, 
but long experience of it alone can develop 
it into a powerful and steady impulse.” 

In this chapter we have used the word 
utility in the sense of practical utility, having 
in other chapters said enough to sfEOw that 
Science can justify itself, if necessary, at a 
higher court of appeal. For Science is a 
natural and necessary development and dis-* 
cipline of Man; it supplies stimulus and raw 
material to literature and art; and it has 
contributed to the store of great ideas which 
should always be in the saddle and should 
always rule mankind. 

Summary. —Science is justified ^ior its own 
sake as a naiwral and necessary human activity. 
It has grown out of practical lore and always 
receives fresh stimulus by coming hack to 
practical problems^ One of the great conditions 
of human progress is the unceasing reciprocal 
relationship between science and occupation. 
The practical utility of the sciences is so great 
that there is danger in exaggerating utilitarian 
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criteria. Nothing is more certain than the 
fundamental value of theoretical science.^' 
But while the greatest practical gains have come 
from the prosecution of “ pure science^"^ it may 
Ve agreed that Science should he socialized^ for, 
after all,^ Science is for Life, not Life for 
Science, As Comte said, “ Knowledge is Fore^ 
sight, and Foresight is Power.^l 
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